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(54) IMAGE PROCESSING APPARATUS AND METHOD 



(57) An object of the present invention is to separate 
in real time a captured image into a foreground compo- 
nent image and a background component image. An im- 
age captured by an image-capturing unit 74 is separated 
into a foreground component image and a background 
component image, which are stored in an image storage 
unit 72. A billing processor 75 performs billing process- 
ing to charge fees for separating the image. A separat- 
ing portion 91 performs motion-blur processing of the 
separated foreground component image and outputs 
the processed foreground component image and the 
background component image to a synthesizer 92. The 
synthesizer 92 combines the input motion- blur-proc- 
essed foreground component image and the separated 
background component image to synthesize an image 
and displays the synthesized image on a display unit 73. 
The present invention is applicable to a camera terminal 
device. 
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Description 
Technical Field 

5 [0001] The present invention relates to image processing apparatuses and methods, and more particularly, to an 
image processing apparatus and method for separating in real time a captured image into a foreground component 
image and a background component image and for performing real-time motion-blur processing of the foreground 
component image. 

10 Background Art 

[0002] Technology for processing captured images has gradually become popular and widely used. 
[0003] Hitherto, motion blur that arises when two different images are combined or when an image of a moving 
subject is captured is eliminated by separately combining the images after the images have been captured or by elim- 
15 inating the motion blur. 

[0004] In the latter case, that is, when the image of the moving subject is captured, there is a method for eliminating 
in real time motion blur that arises due to the motion. Specifically, for example, as shown in Fig. 1 A, when an image 
of a subject swinging a golf dub is captured, a displayed image includes a blurred golf club due to the motion of the 
golf club. The effect that arises when such a blurred image is displayed is the so-called motion blur. 

20 [0005] In order to eliminate the motion blur in real time, as shown in Fig. 1 B, one possible method uses a high-speed 
camera to capture an image. When an image is captured by the high-speed camera, the amount of luminance at the 
time the image is captured is insufficient (since one shutter period is short, the amount of light obtained is small, and 
hence, the luminance is insufficient). The subject needs to be irradiated with special intense light, or, as shown in Fig. 
2, irradiated with a flash of intense light at the same time as the shutter is pressed, and an image of the subject needs 

25 to be captured by the high-speed camera. 

[0006] In the foregoing method, the image synthesis processing cannot be performed in real time. In the synthesis 
processing, if there is no image needed for synthesis, an image must again be captured at the same place. There is 
a method for performing the motion-blur elimination processing in real time. For example, capturing an image of a wild 
animal at night for the purpose of ecological observation using the foregoing method may frighten the wild animal, 

30 which is the subject, since the foregoing method involves using intense lighting. As a result, the natural ecology may 
not be observed. 

Disclosure of Invention 

35 [0007] The present invention has been made in view of the above-described background. Accordingly, it is an object 
of the present invention to achieve in real time synthesis processing and motion-blur adjustment processing in process- 
ing an image. 

[0008] An image processing apparatus of the present invention includes input means for inputting image data which 
is formed of a predetermined number of pixel data obtained by a predetermined number of image-capturing devices 

«o including pixels, the image-capturing devices each having a time integrating function; mixture-ratio estimating means 
for estimating a mixture ratio for a mixed area in the image data input from the input means, the mixed area including 
a mixture of foreground object components forming a foreground object of the image data and background object 
components forming a background object of the image data; separation means for separating in real time, on the basis 
of the mixture ratio estimated by the mixture-ratio estimating means, the image data input from the input means into 

45 a foreground component image formed of the foreground object components forming the foreground object of the 
image data and a background component image formed of the background object components forming the background 
object of the image data; and storage means for storing in real time the foreground component image and the back- 
ground component image, which are separated by the separation means. 

[0009] The image processing apparatus may further include image-capturing means for capturing an image which 
50 js formed of the image data formed of pixel values determined in accordance with the intensity of light forming the 
image which is integrated with respect to time in each pixel by the predetermined number of image-capturing devices 
for converting the light forming the image into electrical charge and integrating with respect to time the electrical charge 
generated by the photoelectric conversion. 

[0010] The image processing apparatus may further include image-capturing command means forgiving a command 
55 to the image-capturing means to capture the image; and image-capturing billing means for executing billing processing 
in response to the command from the image-capturing command means. 

[0011] The image processing apparatus may further include image display means for displaying the foreground 
component image and the background component image which are separated in real time by the separation means 
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and the foreground component image and the background component image which are already stored in the storage 
means; image specifying means for specifying a desired foreground component image and background component 
image from among the foreground component image and the background component image which are separated in 
real time by the separation means and which are displayed by the image display means and the foreground component 
5 image and the background component image which are already stored in the storage means and which are displayed 
by the image display means; and combining means for combining the desired foreground component image and back- 
ground component image which are specified by the specifying means. 

[0012] The image processing apparatus may further include combining command means for giving a command to 
the combining means to combine images; and combining billing means for executing billing processing in response to 

10 the command from the combining command means. 

[0013] The image processing apparatus may further include storage command means for giving a command to the 
storage means, the command instructing whether or not to store in real time the foreground component image and the 
background component image which are separated by the separation means; and storage billing means for executing 
billing processing in response to the command from the storage command means. 

15 [0014] The image processing apparatus may further include motion-blur adjusting means for adjusting motion blur 
of the foreground component image which is separated in real time by the separation means or the foreground com- 
ponent image which is already stored in the storage means. 

[0015] The image processing apparatus may further include motion- blur-adjusted-image display means for display- 
ing the motion- blur-adjusted foreground component image generated by the motion-blur adjusting means. 

20 [001 6] The image processing apparatus may further include combining means for combining the motion-blur-adjust- 
ed foreground component image generated by the motion-blur adjusting means and the background component image. 
The motion-blur-adjusted-image display means may display an image generated by combining, by the combining 
means, the motion-blur-adjusted foreground component image generated by the motion-blur adjusting means and the 
background component image. 

25 [0017] The image processing apparatus may further include processing-time measuring means for measuring time 
required by the motion-blur adjusting means to adjust the motion blur of the foreground component image; and motion- 
blur-adjustment billing means for executing billing processing in accordance with the time measured by the processing- 
time measuring means. 

[0018] The image processing apparatus may further include ope rati on- time measuring means for measuring oper- 
30 ation time thereof; and operation billing means for executing billing processing in accordance with the time measured 
by the operation- time measuring means. 

[0019] An image processing method of the present invention includes an input step of inputting image data which is 
formed of a predetermined number of pixel data obtained by a predetermined number of image-capturing devices 
including pixels, the image-capturing devices each having a time integrating function; a mixture-ratio estimating step 

35 of estimating a mixture ratio for a mixed area in the image data input in the input step, the mixed area including a 
mixture of foreground object components forming a foreground object of the image data and background object com- 
ponents forming a background object of the image data; a separation step of separating in real time, on the basis of 
the mixture ratio estimated in the mixture-ratio estimating step, the image data input in the input step into a foreground 
component image formed of the foreground object components forming the foreground object of the image data and 

40 a background component image formed of the background object components forming the background object of the 
image data; and a storage step of storing in real time the foreground component image and the background component 
image, which are separated in the separation step. 

[0020] The image processing method may further include an image-capturing step of capturing an image which is 
formed of the image data formed of pixel values determined in accordance with the intensity of light forming the image 
45 which is integrated with respect to time in each pixel by the predetermined number of image-capturing devices for 
converting the light forming the image into electrical charge and integrating with respect to time the electrical charge 
generated by the photoelectric conversion. 

[0021] The image processing method may further include an image-capturing command step of giving a command 
to the image-capturing step to capture the image; and an image-capturing billing step of executing billing processing 

50 jn response to the command in the image-capturing command step. 

[0022] The image processing method may further include an image display step of displaying the foreground com- 
ponent image and the background component image which are separated in real time in the separation step and the 
foreground component image and the background component image which are already stored in the storage step; an 
image specifying step of specifying a desired foreground component image and background component image from 

55 among the foreground component image and the background component image which are separated in real time in 
the separation step and which are displayed in the image display step and the foreground component image and the 
background component image which are already stored in the storage step and which are displayed in the image 
display step; and a combining step of combining the desired foreground component image and background component 
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image which are specified in the specifying step. 

[0023] The image processing method may further include a combining command step of giving a command to the 
combining step to combine images; and a combining billing step of executing billing processing in response to the 
command in the combining command step. 
5 [0024] The image processing method may further include a storage command step of giving a command to the 
storage step, the command instructing whether or not to store in real time the foreground component image and the 
background component image which are separated in the separation step; and a storage billing step of executing billing 
processing in response to the command in the storage command step. 

[0025] The image processing method may further include a motion-blur adjusting step of adjusting motion blur of the 
10 foreground component image which is separated in real time in the separation step or the foreground component image 
which is already stored in the storage step. 

[0026] The image processing method may further include a motion-blur-adjusted-image display step of displaying 
the motion-blur-adjusted foreground component image generated in the motion-blur adjusting step. 
[0027] The image processing method may further include a combining step of combining the motion-blur-adjusted . 
15 foreground component image generated in the motion-blur adjusting step and the background component image. The 
motion-blur-adjusted-image display step may display an image generated by combining, in the combining step, the 
motion-blur-adjusted foreground component image generated in the motion-blur adjusting step and the background 
component image. 

[0028] The image processing method may further include a processing-time measuring step of measuring time re- 
20 quired in the motion-blur adjusting step to adjust the motion blur of the foreground component image; and a motion- 
blur-adjustment billing step of executing billing processing in accordance with the time measured in the processing- 
time measuring step. 

[0029] The image processing method may further include an operation- time measuring step of measuring operation 
time thereof; and an operation billing step of executing billing processing in accordance with the time measured in the 

25 ope ration- time measuring step. 

[0030] A program in a recording medium of the present invention includes an input control step of controlling the 
inputting of image data which is formed of a predetermined number of pixel data obtained by a predetermined number 
of image-capturing devices including pixels, the image-capturing devices each having a time integrating function; a 
mixture-ratio estimating control step of controlling the estimation of a mixture ratio for a mixed area in the image data 

30 input in the input control step, the mixed area including a mixture of foreground object components forming a foreground 
object of the image data and background object components forming a background object of the image data; a sepa- 
ration control step of controlling the separation in real time, on the basis of the mixture ratio estimated in the mixture- 
ratio estimating control step, of the image data input in the input control step into a foreground component image formed 
of the foreground object components forming the foreground object of the image data and a background component 

35 image formed of the background object components forming the background object of the image data; and a storage 
control step of controlling the storing, in real time, of the foreground component image and the background component 
image, which are separated in the separation control step. 

[0031] The program may further include an image -capturing control step of controlling the capturing of an image 
which is formed of the image data formed of pixel values determined in accordance with the intensity of light forming 
40 the image which is integrated with respect to time in each pixel by the predetermined number of image-capturing 
devices for converting the light forming the image into electrical charge and integrating with respect to time the electrical 
charge generated by the photoelectric conversion. 

[0032] The program may further include an image-capturing command control step of controlling the giving of a 
command to the image-capturing control step to capture the image; and an image-capturing billing control step of 
45 controlling the execution of billing processing in response to the command in the image-capturing command control 
step. 

[0033] The program may further include an image display control step of controlling the displaying of the foreground 
component image and the background component image which are separated in real time in the separation control 
step and the foreground component image and the background component image which are already stored in the 

50 storage control step; an image specifying control step of controlling the specifying of a desired foreground component 
image and background component image from among the foreground component image and the background compo- 
nent image which are separated in real time in the separation control step and which are displayed in the image display 
control step and the foreground component image and the background component image which are already stored in 
the storage control step and which are displayed in the image display control step; and a combining control step of 

55 controlling the combining of the desired foreground component image and background component image which are 
specified in the specifying control step. 

[00341 The program may further include a combining command control step of controlling the giving of a command 
to the combining control step to combine images; and a combining billing control step of controlling the execution of 
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billing processing in response to the command in the combining command control step. 

[0035] The program may further include a storage command control step of controlling the giving of a command to 
the storage control step, the command instructing whether or not to store in real time the foreground component image 
and the background component image which are separated in the separation control step; and a storage billing control 
5 step of controlling the execution of billing processing in response to the command in the storage command control step. 
[0036] The program may further include a motion-blur adjusting control step of controlling the adjustment of motion 
blur of the foreground component image which is separated in real time in the separation control step or the foreground 
component image which is already stored in the storage control step. 

[0037] The program may further include a motjon-blur-adjusted-image display control step of controlling the display- 
10 jng of the motion-blur-adjusted foreground component image generated in the motion-blur adjusting control step. 

[0038] The program may further include a combining control step of controlling the combining of the motion-blur- 
adjusted foreground component image generated in the motion- blur adjusting control step and the background com- 
ponent image. The motion-blur-adjusted-image display control step may display an image generated by combining, in 
the combining control step, the motion-blur-adjusted foreground component image generated in the motion-blur ad- 
15 justing control step and the background component image. 

[0039] The program may further include a processing-time measuring control step of controlling the measurement 
of time required in the motion-blur adjusting step to adjust the motion blur of the foreground component image; and a 
motion-blur-adjustment billing control step of controlling the execution of billing processing in accordance with the time 
measured in the processing-time measuring control step. 
20 [0040] The program may further include an operation-time measuring control step of controlling the measurement 
of operation time thereof; and an operation billing control step of controlling the execution of billing processing in 
accordance with the time measured in the operation-time measuring control step. 

[0041] A program of the present invention causes a computer to perform a process including an input control step 
of controlling the inputting of image data which is formed of a predetermined number of pixel data obtained by a pre- 

25 determined number of image-capturing devices including pixels, the image-capturing devices each having a time in- 
tegrating function; a mixture-ratio estimating control step of controlling the estimation of a mixture ratio for a mixed 
area in the image data input in the input control step, the mixed area including a mixture of foreground object compo- 
nents forming a foreground object of the image data and background object components forming a background object 
of the image data; a separation control step of controlling the separation in real time, on the basis of the mixture ratio 

30 estimated in the mixture-ratio estimating control step, of the image data input in the input control step into a foreground 
component image formed of the foreground object components forming the foreground object of the image data and 
a background component image formed of the background object components forming the background object of the 
image data; and a storage control step of controlling the storing, in real time, of the foreground component image and 
the background component image, which are separated in the separation control step. 

35 [0042] The process may further include an image-capturing control step of controlling the capturing of an image 
which is formed of the image data formed of pixel values determined in accordance with the intensity of light forming 
the image which is integrated with respect to time in each pixel by the predetermined number of image-capturing 
devices for converting the light forming the image into electrical charge and integrating with respect to time the electrical 
charge generated by the photoelectric conversion. 

40 . [0043] The process may further include an image-capturing command control step of controlling the giving of a com- 
mand to the image-capturing control step to capture the image; and an image-capturing billing control step of controlling 
the execution of billing processing in response to the command in the image-capturing command control step. 
[0044] The process may further include an image display control step of controlling the displaying of the foreground 
component image and the background component image which are separated in real time in the separation control 

45 step and the foreground component image and the background component image which are already stored in the 
storage control step; an image specifying control step of controlling the specifying of a desired foreground component 
image and background component image from among the foreground component image and the background compo- 
nent image which are separated in real time in the separation control step and which are displayed in the image display 
control step and the foreground component image and the background component image which are already stored in 

50 the storage control step and which are displayed in the image display control step; and a combining control step of 
controlling the combining of the desired foreground component image and background component image which are 
specified in the specifying control step. 

[0045] The process may further include a combining command control step of controlling the giving of a command 
to the combining control step to combine images; and a combining billing control step of controlling the execution of 
55 billing processing in response to the command in the combining command control step. 

[0046] The process may further include a storage command control step of controlling the giving of a command to 
the storage control step, the command instructing whether or not to store in real time the foreground component image 
and the background component image which are separated in the separation control step; and a storage billing control 
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step of controlling the execution of billing processing in response to the command in the storage command control step. 
[0047] The process may further include a motion-blur adjusting control step of controlling the adjustment of motion 
blur of the foreground component image which is separated in real time in the separation control step or the foreground 
component image which is already stored in the storage control step. 

5 [0048] The process may further include a motion-blur-adjusted-image display control step of controlling the displaying 
of the motion-blur-adjusted foreground component image generated in the motion-blur adjusting control step. 
[0049] The process may further include a combining control step of controlling the combining of the motion- blur- 
adjusted foreground component image generated in the motion-blur adjusting control step and the background com- 
ponent image. The motion-blur-adjusted-image display control step may display an image generated by combining, in 

io the combining control step, the motion- blur-adjusted foreground component image generated in the motion-blur ad- 
justing control step and the background component image. 

[0050] The process may further include a processing-time measuring control step of controlling the measurement 
of time required in the motion-blur adjusting control step to adjust the motion blur of the foreground component image; 
and a motion-blur-adjustment billing control step of controlling the execution of billing processing in accordance with 
15 the time measured in the processing-time measuring control step. 

[0051] The process may further include an operation-time measuring control step of controlling the measurement of 
operation time thereof; and an operation billing control step of controlling the execution of billing processing in accord- 
ance with the time measured in the operation- time measuring control step. 

[0052] According to an information processing apparatus and method and a program of the present invention, image 
20 data which is formed of a predetermined number of pixel data obtained by a predetermined number of image-capturing 
devices including pixels is input, the image-capturing devices each having a time integrating function. A mixture ratio 
for a mixed area in the input image data is estimated, the mixed area including a mixture of foreground object compo- 
nents forming a foreground object of the image data and background object components forming a background object 
of the image data. On the basis of the estimated mixture ratio, the input image data is separated in real time into a 
25 foreground component image formed of the foreground object components forming the foreground object of the image 
data and a background component image formed of the background object components forming the background object 
of the image data. The separated foreground component image and background component image are stored in real 
time. 

30 Brief Description of the Drawings 
[0053] 

Fig. 1 A illustrates a known image processing method. 
35 Fig. 1B illustrates a known image processing method. 

Fig. 2 illustrates a known image processing method. 

Fig. 3 illustrates the configuration of an embodiment of an image processing system to which the present invention 
is applied. 

Fig. 4 illustrates the configuration of a camera terminal device shown in Fig. 3. 
40 Fig. 5 illustrates the configuration of a television set terminal device shown in Fig. 3. 

Fig. 6 is a block diagram showing the configuration of the camera terminal device shown in Fig. 4. 

Fig. 7 is a block diagram showing the configuration of the television set terminal device shown in Fig. 5. 

Fig. 8 is a block diagram illustrating the configuration of a signal processor shown in Fig. 6. 

Fig. 9 is a block diagram illustrating an image processing apparatus. 
45 Fig. 1 0 illustrates the image-capturing performed by a sensor. 

Fig. 11 illustrates the arrangement of pixels. 

Fig. 12 illustrates the operation of a detection device. 

Fig. 13A illustrates an image obtained by image-capturing an object corresponding to a moving foreground and 
an object corresponding to a stationary background. 
50 Fig. 13B illustrates an image obtained by image-capturing an object corresponding to a moving foreground and 

an object corresponding to a stationary background. 

Fig. 14 illustrates a background area, a foreground area, a mixed area, a covered background area, and an un- 
covered background area. 

Fig. 15 illustrates a model obtained by expanding in the time direction the pixel values of pixels aligned side-by- 
55 ' side in an image obtained by image-capturing an object corresponding to a stationary foreground and an the object 

corresponding to a stationary background. 

Fig. 16 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
to the shutter time is divided. 
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Fig. 1 7 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
to the shutter time is divided. 

Fig. 18 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
to the shutter time is divided. 

5 Fig. 19 illustrates an example in which pixels in a foreground area, a background area, and a mixed area are 

extracted. 

Fig. 20 illustrates the relationships between pixels and a model obtained by expanding the pixel values in the time 
direction. 

Fig. 21 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
10 to the shutter time is divided. 

Fig. 22 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
to the shutter time is divided. 

Fig. 23 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
to the shutter time is divided. 

15 Fig. 24 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 

to the shutter time is divided. 

Fig. 25 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
to the shutter time is divided. 

Fig. 26 is a flowchart illustrating the processing for adjusting the amount of motion blur. 
20 Fig. 27 is a block diagram illustrating an example of the configuration of an area specifying unit 103. 

Fig. 28 illustrates an image when an object corresponding to a foreground is moving. 

Fig. 29 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
to the shutter time is divided. 

Fig. 30 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
25 to the shutter time is divided. 

Fig. 31 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
to the shutter time is divided. 

Fig. 32 illustrates the conditions for determining the area. 

Fig. 33A illustrates an example of the result obtained by specifying the area by the area specifying unit 103. 
30 Fig. 33B illustrates an example of the result obtained by specifying the area by the area specifying unit 103. 

Fig. 33C illustrates an example of the result obtained by specifying the area by the area specifying unit 103. 

Fig. 33D illustrates an example of the result obtained by specifying the area by the area specifying unit 103. 

Fig. 34 illustrates an example of the result obtained by specifying the area by the area specifying unit 1 03. 

Fig. 35 is a flowchart illustrating the area specifying processing. 
35 Fig. 36 is a block diagram illustrating another example of the configuration of the area specifying unit 103. 

Fig. 37 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 

to the shutter time is divided. 

Fig. 38 illustrates an example of a background image. 

Fig. 39 is a block diagram illustrating the configuration of a binary-object-image extracting portion 302. 
40 Fig. 40A illustrates the calculation of a correlation value. 

Fig. 40 B illustrates the calculation of a correlation value. 

Fig. 41 A illustrates the calculation of a correlation value. 

Fig. 41 B illustrates the calculation of a correlation value. 

Fig. 42 illustrates an example of a binary object image. 
45 Fig. 43 is a block diagram illustrating the configuration of a time change detector 303. 

Fig. 44 illustrates determinations made by an area determining portion 342. 

Fig. 45 illustrates an example of determinations made by the time change detector 303. 

Fig. 46 is a flowchart illustrating the area specifying processing performed by the area specifying unit 103. 

Fig. 47 is a flowchart illustrating details of the area specifying processing. 
50 Fig. 48 is a block diagram illustrating still another configuration of the area specifying unit 103. 

Fig. 49 is a block diagram illustrating the configuration of a robust- processing portion 361. • 

Fig. 50 illustrates motion compensation performed by a motion compensator 381. 

Fig. 51 illustrates motion compensation performed by the motion compensator 381. 

Fig. 52 is a flowchart illustrating the area specifying processing. 
55 Fig. 53 is a flowchart illustrating details of the robust processing. 

Fig. 54 is a block diagram illustrating the configuration of a mixture-ratio calculator 104. 

Fig. 55 illustrates an example of the ideal mixture ratio a. 

Fig. 56 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
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to the shutter time is divided. 

Fig. 57 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
to the shutter time is divided. 

Fig. 58 illustrates approximation using the correlation of foreground components. 
5 Fig. 59 illustrates the relationship among C, N and R 

Fig. 60 is a block diagram illustrating the configuration of a mixture-ratio estimation processor 401. 
Fig. 61 illustrates an example of an estimated mixture ratio. 

Fig. 62 is a block diagram illustrating another configuration of the mixture-ratio calculator 104. 
Fig. 63 is a flowchart illustrating the mixture-ratio calculation processing. 
10 Fig. 64 is a flowchart illustrating the processing for calculating the estimated mixture ratio. 

Fig. 65 illustrates a straight line for approximating the mixture ratio a. 
Fig. 66 illustrates a plane for approximating the mixture ratio a. 

Fig. 67 illustrates the relationships of the pixels in a plurality of frames when the mixture ratio a is calculated. 
Fig. 68 is a block diagram illustrating another configuration of the mixture-ratio estimation processor 401. 
15 Fig. 69 illustrates an example of an estimated mixture ratio. 

Fig. 70 is a flowchart illustrating the mixture-ratio estimating processing by using a model corresponding to a 
covered background area. 

Fig. 71 is a block diagram illustrating an example of the configuration of a foreground/background separator 105. 
Fig. 72A illustrates an input image, a foreground component image, and a background component image. 
■ 20 Fig. 72B illustrates an input image, a foreground component image, and a background component image. 

Fig. 73 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
to the shutter time is divided. 

Fig. 74 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 
to the shutter time is divided. 

25 Fig. 75 illustrates a model in which pixel values are expanded in the time direction and the period corresponding 

to the shutter time is divided. 

Fig. 76 is a block diagram illustrating an example of the configuration of a separating portion 601. 

Fig. 77A illustrates examples of a separated foreground component image and a separated background component 

image. 

30 Fig. 77B illustrates examples of a separated background component image and a separated background compo- 

nent image. 

Fig. 78 is a flowchart illustrating the processing for separating a foreground and a background. 
Fig. 79 is a block diagram illustrating an example of the configuration of a motion-blur adjusting unit 106. 
Fig. 80 illustrates the unit of processing. 
35 Fig. 81 illustrates a model in which the pixel values of a foreground component image are expanded in the time 

direction and the period corresponding to the shutter time is divided. 

Fig. 82 illustrates a model in which the pixel values of a foreground component image are expanded in the time 
direction and the period corresponding to the shutter time is divided. 

Fig. 83 illustrates a model in which the pixel values of a foreground component image are expanded in the time 
40 direction and the period corresponding to the shutter time is divided. 

Fig. 84 illustrates a model in which the pixel values of a foreground component image are expanded in the time 
direction and the period corresponding to the shutter time is divided. 

Fig. 85 illustrates an example of another configuration of the motion-blur adjusting unit 106. 
Fig. 86 is a flowchart illustrating the processing for adjusting the amount of motion blur contained in a foreground 
45 component image performed by the motion-blur adjusting unit 106. 

Fig. 87 is a block diagram illustrating an example of another configuration of the motion-blur adjusting unit 1 06. 
Fig. 88 illustrates an example of a model in which the relationships between pixel values and foreground compo^ 
nents are indicated. 

Fig. 89 illustrates the calculation of foreground components. 
50 Fig. 90 illustrates the calculation of foreground components. 

Fig. 91 is a flowchart illustrating the processing for eliminating motion blur contained in a foreground. 

Fig. 92 is a block diagram illustrating another configuration of the function of the image processing apparatus. 

Fig. 93 illustrates the configuration of a synthesizer 1001. 

Fig. 94 is a block diagram illustrating still another configuration of the function of the image processing apparatus. 
55 Fig. 95 is a block diagram illustrating the configuration of a mixture-ratio calculator 1101. 

Fig. 96 is a block diagram illustrating the configuration of a foreground/background separator 1102. 

Fig. 97 is a block diagram illustrating still another configuration of the function of the image processing apparatus. 

Fig. 98 illustrates the configuration of a synthesizer 1201. 
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Fig. 99 is a flowchart illustrating the synthesis service processing performed by the camera terminal device. 
Fig. 1 00 is a flowchart illustrating the synthesis service billing processing. 
Fig. 1 01 illustrates the synthesis service billing processing. 
Fig. 102A illustrates the synthesis service billing processing. 
5 Fig. 1 02B illustrates the synthesis service billing processing. 

Fig. 1 02C illustrates the synthesis service billing processing. 

Fig. 1 03 illustrates a real-time synthesis service offered by the camera terminal device. 
Fig. 104 illustrates another embodiment of a camera terminal device. 

Fig. 105 is a flowchart illustrating the real-time synthesis service processing performed by the camera terminal 
io device. 

Fig. 1 06 illustrates the real-time synthesis service offered by the camera terminal device. 
Fig. 107 illustrates the real-time synthesis service offered by the camera terminal device. 

Best Mode for Carrying Out the Invention 

15 

(0054] Fig. 3 illustrates an embodiment of an image processing system according to the present invention. 
[0055] The image processing system of the present invention includes, for example, a camera terminal device 2, a 
television terminal device 3, a billing server 5, a financial server (for customer) 6, and a financial server (for provider) 
7, which are connected with one another over a network 1, such as the Internet, and which can exchange data with 

20 one another. The camera terminal device 2 captures images, separates/combines the captured images in real time, 
and displays the images. Fees are charged for separating and combining the images. For example, provided that the 
camera terminal device 2 is to be rented out, fees for separating and combining images may be charged by the billing 
server 5 via the network 1 so as to transfer the fees from the user's financial server 6 to the provider's (for example, a 
service provider renting the camera terminal device 2) financial server 7. The television set terminal device 3 separates 

25 an image captured by a camera device 4 in real time, combines the image portions, and displays the image. Fees for 
separating and combining the images are similarly charged as in the camera terminal device 2. 
[0056] Fig. 4 illustrates the configuration of the camera terminal device 2 according to the present invention. A CPU 
(Central Processing Unit) 21 executes various types of processing according to programs stored in a ROM (Read Only 
Memory) 22 or in a storage unit 28. Programs executed by the CPU 21 and data are stored in a RAM (Random Access 

30 Memory) 23 as required. The CPU 21 . the ROM 22, and the RAM 23 are connected to each other by a bus 24. 

[0057] An input/output interface 25 is also connected to the CPU 21 via a bus 44. An input unit 26. which is formed 
of a keyboard, a mouse, a microphone, and so on, and an output unit 27, which is formed of a display, a speaker, and 
so on, are connected to the input/output interface 25. TheCPU21 executes various types of processing in response 
to a command input from the input unit 26 including a shutter button and various input keys. Also, a sensor 26a serving 

35 as an image-capturing device is connected to the input unit 26, and captured images are input thereto. The CPU 21 
outputs images and audio obtained as a result of processing to the output unit 27, and the images are displayed on 
an LCD (Liquid Crystal Display) 27a. 

[0058] The storage unit 28 connected to the input/output interface 25 is formed of. for example, a hard disk, and 
stores programs executed by the CPU 21 and various types of data. A communication unit 29 communicates with an 

40 external device via the Internet or another network. 

[0059] Also, a program may be obtained via the communication unit 29 and stored in the storage unit 28. 
[0060] A drive 30 connected to the input/output interface 25 drives a magnetic disk 41 . an optical disc 42, a magneto- 
optical disk 43, a semiconductor memory 44, or the like, when such a recording medium is attached to the drive 30, 
and obtains a program or data stored in the corresponding medium. The obtained program or data is transferred to 

45 the storage unit 28 and stored therein if necessary. 

[0061] Fig. 5 shows the configuration of the television set 3 according to the present invention. The configuration of 
the television set 3 is basically the same as that of the camera terminal device 2. Specifically, a CPU 51, a ROM 52, 
a RAM 53, a bus 54, an input/output interface 55, an input unit 56, an output unit 57, a storage unit 58. a communication 
unit 59, a drive 60, a magnetic disk 61, an optical disk 62, a magneto-optical disk 63, and a semiconductor memory 

so 64 of the television set terminal device 3 correspond to the CPU 21 , the ROM 22, the RAM 23, the bus 24, the input/ 
output interface 25, the input unit 26. the output unit 27. the storage unit 28, the communication unit 29, the drive 30, 
the magnetic disk 41 , the optical disk 52. the magneto-optical disk 53, and the semiconductor memory 54, respectively, 
of the camera terminal device 2. In this example, as shown in Figs. 1A and 1B, the camera device 4 is connected to 
the communication unit 59 of the television set terminal device 3. and captured images are input thereto. 

55 [0062] Since the basic configurations of the billing server 5, the financial server (for customer) 6, and the financial 
server (for provider) 7 are similar to that of the television set terminal device 3, descriptions thereof are omitted. 
[0063] Referring to Fig. 6. the camera terminal device 2 will now be described. 

[0064] A signal processor 71 of the camera terminal device 2 displays, on the basis of an image input from an image- 
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capturing unit 74 (corresponding to a sensor 76a shown in Fig. 4) or an image input from a unit other than the image- 
capturing unit 74, the input image on a display unit 73 without changing the input image. Also, the signal processor 71 
generates any one of the foreground of the input image, the background of the input image, a synthesized image 
generated by combining the foreground of the input image and a background prestored in an image storage unit 72, 
a synthesized image generated by combining the background of the input image and a foreground prestored in the 
image storage unit 72, a synthesized image generated by combining a foreground and a background prestored in the 
image storage unit 72, a foreground prestored in the image storage unit 72, and a background prestored in the image 
storage unit 72 and displays the generated image on the display unit 73. 

[0065] An image input to the signal controller 71 needs not to be an image. Specifically, when displaying the above- 
described various output images on the display unit 73, the signal controller 71 stores the images in the image storage 
unit 72 while assigning the ID to each image (the I D is assigned to each of a foreground component image, a background 
component image, and a synthesized image). By inputting the image ID specifying the stored image, the signal con- 
troller 71 uses, as an input image, an image corresponding to the image ID among the images stored in the image 
storage unit 72. 

[0066] A billing processor 75 cooperates with the billing server 5 via the network 1 in performing the billing processing 
for charging fees for the image separation processing or image synthesis processing performed by the signal processor 
71. The billing processor 75 stores the ID thereof and, when performing the billing processing, transmits the ID along 
with the user ID, authentication information, and the fees to the billing server 5. 
[0067] Details of the signal processor 7 1 will be described later with reference to Fig. 8. 

[0068] Referring to Fig. 7, the configuration of the television set terminal device 3 will now be described. The con- 
figuration of the television set terminal device 3 is the same as that of the camera terminal device 2 except for the fact 
that the television set terminal device 3 does not include the image-capturing unit 74, which is included in the camera 
terminal device 2, and instead includes a tuner 84 for outputting an image captured by the external camera device 4 
or an image in the form of an NTSC (National Television Standards Committee) signal generated from electromagnetic 
waves received by an antenna (not shown) to a signal processor 81 . That is, the signal processor 81 , an image storage 
unit 82, a display unit 83, and a billing processor 85 of the television set terminal device 3 correspond to the signal 
processor 71. the image storage unit 72, the display unit 73, and the billing processor 75, respectively, of the camera 
terminal device 2. and descriptions thereof are thus omitted. 

[0069] With reference to Fig. 8, a description of the configuration of the signal processor 71 will be given as follows. 
[0070] A separating portion 91 of the signal processor 71 separates an input image input from the image-capturing 
unit 74. another input image, or an image specified by the image ID and stored in the image storage unit 72 into a 
foreground component image and a background component image and outputs a desired image to a synthesizer 92. 
In other words, when the image to be output, that is, the desired image, is the foreground component image, only the 
foreground component image of the separated image portions is output to the synthesizer 92. In contrast, when an 
image required by the image to be output is the background component image, only the background component image 
of the separated image portions is output to the synthesizer 92. The ID is assigned to each image output to the syn- 
thesizer 92, and each image is thus stored in the image storage unit 72. Needless to say, the separating portion 91 
can output the input image to the synthesizer 92 without separating the input image. In this case, the separating portion 
91 assignees the ID to the output image and stores the output image in the image storage unit 72. 
[0071 ) If necessary, the synthesizer 92 combines the image input from the separating portion 91 with an image stored 
in the image storage unit 72 to synthesize an image and outputs the synthesized image. Specifically, when outputting 
the foreground or the background of the input image, the synthesizer 92 outputs the foreground component image or 
the background component image input from the separating portion 91 without changing the foreground component 
image or the background component image. When outputting a synthesized image generated by combining the fore- 
ground of the input image and a background prestored in the image storage unit 72 or when outputting a synthesized 
image generated by combining the background of the input image and a foreground prestored in the image storage 
unit 72, the synthesizer 92 combines the foreground component image or the background component image input from 
the separating portion 91 with a background component image or a foreground component image prestored in the 
image storage unit 72 to synthesize an image and outputs the synthesized image. When outputting a synthesized 
image generated by combining a foreground and a background prestored in the image storage unit 72, a foreground 
prestored in the image storage unit 72, or a background prestored in the image storage unit 72, the synthesizer 92 
combines a foreground component image and a background component image prestored in the image storage unit 72 
to synthesize an image and outputs the synthesized image or outputs a foreground component image or a background 
component image prestored in the image storage unit 72 without changing the foreground component image or the 
background component image. 

[0072] The billing processor 75 performs the billing processing when the separating portion 91 performs the sepa- 
ration processing or when the synthesizer 92 performs the combining processing. When the separating portion 91 
does not perform the separation processing and outputs the image without changing it to the synthesizer 92, or when 
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the synthesizer 92 does not perform the combining processing and outputs the image without changing it, fees may 
not be charged. 

[0073] Fig. 9 is a block diagram illustrating the separating portion 91 . 

[0074] It does not matter whether the individual functions of the separating portion 91 are implemented by hardware 
5 or software. That is, the block diagrams of this specification may be hardware block diagrams or software functional 
block diagrams. 

[0075] An input image supplied to the separating portion 91 is supplied to an object extracting unit 101, an area 
specifying unit 103. a mixture-ratio calculator 104, and a foreground/background separator 105. 
[0076] The object extracting unit 101 extracts a rough image object corresponding to a foreground object contained 
10 in the input image, and supplies the extracted image object to a motion detector 102. The object extracting unit 101 
detects, for example, an outline of the foreground image object contained in the input image so as to extract a rough 
image object corresponding to the foreground object. 

[0077] The object extracting unit 101 extracts a rough image object corresponding to a background object contained 
in the input image, and supplies the extracted image object to the motion detector 102. The object extracting unit 101 
15 extracts a rough image object corresponding to the background object from, for example, the difference between the 
input image and the extracted image object corresponding to the foreground object. 

[0078] Alternatively, for example, the object extracting unit 101 may extract the rough image object corresponding 
to the foreground object and the rough image object corresponding to the background object from the difference be- 
tween the background image stored in a built-in background memory and the input image. 
20 [0079] The motion detector 102 calculates a motion vector of the roughly extracted image object corresponding to 
the foreground object according to a technique, such as block matching, gradient, phase correlation, or pel-recursive 
technique, and supplies the calculated motion vector and the motion-vector positional information (which is information 
for specifying the positions of the pixels corresponding to the motion vector) to the area specifying unit 103 and a 
motion-blur adjusting unit 1 06. 

25 [0080] The motion vector output from the motion detector 1 02 contains information corresponding to the amount of 
movement v. 

[0081 ] The motion detector 1 02 may output the motion vector of each image object, together with the pixel positional 
information for specifying the pixels of the image object, to the motion-blur adjusting unit 106. 

[0082] The amount of movement visa value indicating a positional change in an image corresponding to a moving 
30 object in units of the pixel pitch. For example, if an object image corresponding to a foreground is moving such that it 
is displayed at a position four pixels away from a reference frame when it is positioned in the subsequent frame, the 
amount of movement v of the object image corresponding to the foreground is 4. 

[0083] The object extracting unit 101 and the motion detector 1 02 are needed when adjusting the amount of motion 
blur corresponding to a moving object. 
35 [0084] The area specifying unit 103 determines to which of a foreground area, a background area, or a mixed area 
each pixel of the input image belongs, and supplies information indicating to which area each pixel belongs (hereinafter 
referred to as "area information'') to the mixture-ratio calculator 104, the foreground/background separator 105, and 
the motion-blur adjusting unit 106. 

[0085] The mixture-ratio calculator 104 calculates the mixture ratio corresponding to the pixels contained in a mixed 
<o area (hereinafter referred to as the "mixture ratio a") based on the input image and the area information supplied from 
the area specifying unit 103. and supplies the calculated mixture ratio to the foreground/background separator 105. 
[0086] The mixture ratio a is a value indicating the ratio of the image components corresponding to the background 
object (hereinafter also be referred to as "background components") to the pixel value as expressed by equation (3). 
which is shown below. 

45 [0087] The foreground/background separator 105 separates the input image into a foreground component image 
formed of only the image components corresponding to the foreground object (hereinafter also be referred to as "fore- 
ground components'*) and a background component image formed of only the background components based on the 
area information supplied from the area specifying unit 103 and the mixture ratio a supplied from the mixture-ratio 
calculator 1 04, and supplies the foreground component image to the motion-blur adjusting unit 106 and a selector 107. 

50 The separated foreground component image may be set as the final output. A more precise foreground and background 
can be obtained compared to a known method in which only a foreground and a background are specified without 
considering the mixed area. 

[0088] The motion-blur adjusting unit 1 06 determines the unit of processing indicating at least one pixel contained 
in the foreground component image based on the amount of movement v obtained from the motion vector and based 
55 on the area information. The unit of processing is data that specifies a group of pixels to be subjected to the motion- 
blur adjustments. 

[0089] Based on the amount by which the motion blur is to be adjusted, which is input to the separating portion 91 . 
the foreground component image supplied from the foreground/background separator 105, the motion vector and the 
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positional information thereof supplied from the motion detector 102, and the unit of processing, the motion- blur ad- 
justing unit 106 adjusts the amount of motion blur contained in the foreground component image by removing, de- 
creasing, or increasing the motion blur contained in the foreground component image. The motion-blur adjusting unit 
106 then outputs the foreground component image in which amount of motion blur is adjusted to the selector 107. It 

5 is not essential that the motion vector and the positional information thereof be used. 

[0090] Motion blur is a distortion contained in an image corresponding to a moving object caused by the movement 
of an object to be captured in the real world and the image-capturing characteristics of a sensor. 
[0091] The selector 1 07 selects one of the foreground component image supplied from the foreground/background 
separator 105 and the foreground component image in which the amount of motion blur is adjusted supplied from the 

w motion-blur adjusting unit 106 based on, for example, a selection signal reflecting a user's selection, and outputs the 
selected foreground component image. 

[0092] An input image supplied to the separating portion 9 1 is discussed below with reference to Figs. 1 0 through 25. 
[0093] Fig. 10 illustrates image-capturing performed by a sensor. The sensor is formed of. for example, a CCD 
(Charge-Coupled Device) video camera provided with a CCD area sensor, which is a solid-state image-capturing de- 
15 vice. An object 112 corresponding to a foreground in the real world moves, for example, horizontally from the left to 
the right, between an object 111 corresponding to a background and the sensor. 

[0094] The sensor captures the image of the object 1 1 2 corresponding to the foreground together with the image of 
the object 111 corresponding to the background. The sensor outputs the captured image in units of frames. For example, 
the sensor outputs an image having 30 frames per second. The exposure time of the sensor can be 1/30 second. The 

20 exposure time is a period from when the sensor starts converting input light into electrical charge until when the con- 
version from the input light to the electrical charge is finished. The exposure time is also referred to as a "shutter time". 
[0095] Fig. 11 illustrates the arrangement of pixels. In Fig. 11, A through I indicate the individual pixels. The pixels 
are disposed on a plane of a corresponding image. One detection device corresponding to each pixel is disposed on 
the sensor. When the sensor performs image-capturing, each detection device outputs a pixel value of the correspond- 

25 ing pixel forming the image. For example, the position of the detection device in the X direction corresponds to the 
horizontal direction on the image, while the position of the detection device in the Y direction corresponds to the vertical 
direction on the image. 

[0096] As shown in Fig. 12, the detection device, which is, for example, a CCD. converts input light into electrical 
charge during a period corresponding to a shutter time, and stores the converted electrical charge. The amount of 

30 charge is almost proportional to the intensity of the input light and the period for which the light is input. The detection 
device sequentially adds the electrical charge converted from the input light to the stored electrical charge during the 
period corresponding to the shutter time. That is, the detection device integrates the input light during the period cor- 
responding to the shutter time and stores the electrical charge corresponding to the amount of integrated light. It can 
be considered that the detection device has an integrating function with respect to time. 

35 [0097] The electrical charge stored in the detection device is converted into a voltage value by a circuit (not shown), 
and the voltage value is further converted into a pixel value, such as digital data, and is output. Accordingly, each pixel 
value output from the sensor is a value projected on a linear space, which is a result of integrating a certain three- 
dimensional portion of the object corresponding to the foreground or the background with respect to the shutter time. 
[0098] The separating portion 91 extracts significant information embedded in the output signal, for example, the 

40 mixture ratio a, by the storage operation of the sensor. The separating portion 91 adjusts the amount of distortion, for 
example, the amount of motion blur, caused by the mixture of the foreground image object itself. The separating portion 
91 also adjusts the amount of distortion caused by the mixture of the foreground image object and the background 
image object. 

[0099] Figs. 13A and 13B illustrate an image obtained by image-capturing an object corresponding to a moving 
<5 foreground and an object corresponding to a stationary background. Fig. 1 3A illustrates an image obtained by capturing 
a moving object corresponding to a foreground and a stationary object corresponding to a background. In the example 
shown in Fig. 13A, the object corresponding to the foreground is moving horizontally from the left to the right with 
respect to the screen. 

[0100] Fig. 13B illustrates a model obtained by expanding pixel values corresponding to one line of the image shown 
50 in Fig. 13A in the time direction. The horizontal direction shown in Fig. 13B corresponds to the spatial direction X in 
Fig. 13A. 

[0101] The values of the pixels in the background area are formed only from the background components, that is, 
the image components corresponding to the background object. The values of the pixels in the foreground area are 
formed only from the foreground components, that is, the image components corresponding to the foreground object. 
55 [0102] The values of the pixels of the mixed area are formed from the background components and the foreground 
components. Since the values of the pixels in the mixed area are formed from the background components and the 
foreground components, it may be referred to as a "distortion area". The mixed area is further classified into a covered 
background area and an uncovered background area. 
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[0103] The covered background area is a mixed area at a position corresponding to the leading end in the direction 
in which the foreground object is moving, where the background components are gradually covered with the foreground 
over time. 

[0104] In contrast, the uncovered background area is a mixed area corresponding to the trailing end in the direction 
5 in which the foreground object is moving, where the background components gradually appear over time. 

[0105] As discussed above, the image containing the foreground area, the background area, or the covered back- 
ground area or the uncovered background area is input into the area specifying unit 1 03, the mixture-ratio calculator 
104, and the foreground/background separator 105 as the input image. 

[0106] Fig. 14 illustrates the background area, the foreground area, the mixed area, the covered background area, 
10 and the uncovered background area discussed above. In the areas corresponding to the image shown in Figs. 1 3A 
and 13B, the background area is a stationary portion, the foreground area is a moving portion, the covered background 
area of the mixed area is a portion that changes from the background to the foreground, and the uncovered background 
area of the mixed area is a portion that changes from the foreground to the background. 

[0107] Fig. 15 illustrates a model obtained by expanding in the time direction the pixel values of the pixels aligned 
is side- by-side in the image obtained by capturing the image of the object corresponding to the stationary foreground 
and the image of the object corresponding to the stationary background. For example, as the pixels aligned side-by- 
side, pixels arranged in one line on the screen can be selected. 

[0108] The pixel values indicated by F01 through F04 shown in Fig. 1 5 are values of the pixels corresponding to the 
object of the stationary foreground. The pixel values indicated by B01 through B04 shown in Fig. 15 are values of the 

20 pixels corresponding to the object of the stationary background. 

[0109] The vertical direction in Fig. 15 corresponds to time, and time elapses from the top to the bottom in Fig. 15. 
The position at the top side of the rectangle in Fig. 15 corresponds to the time at which the sensor starts converting 
input light into electrical charge, and the position at the bottom side of the rectangle in Fig. 15 corresponds to the time 
at which the conversion from the input light into the electrical charge is finished. That is, the distance from the top side 

25 to the bottom side of the rectangle in Fig. 15 corresponds to the shutter time. 

[0110] The pixels shown in Fig. 15 are described below assuming that, for example, the shutter time is equal to the 
frame size. 

[0111] The horizontal direction in Fig. 15 corresponds to the spatial direction X in Fig. 13A. More specifically, in the 
example shown in Fig. 15, the distance from the left side of the rectangle indicated by "F01" in Fig. 15 to the right side 
30 of the rectangle indicated by "B04" is eight times the pixel pitch, i.e., eight consecutive pixels. 

[01 1 2] When the foreground object and the background object are stationary, the light input into the sensor does not 
change during the period corresponding to the shutter time. 

[01 1 3] The period corresponding to the shutter time is divided into two or more portions of equal periods. For example , 
if the number of virtual divided portions is 4, the model shown in Fig. 15 can be represented by the model shown in 

35 Fig. 9. The number of virtual divided portions can be set according to the amount of movement v of the object corre- 
sponding to the foreground within the shutter time. For example, the number of virtual divided portions is set to 4 when 
the amount of movement v is 4, and the period corresponding to the shutter time is divided into four portions. 
[01 14] The uppermost line in the diagram corresponds to the first divided period from when the shutter has opened. 
The second line in the diagram corresponds to the second divided period from when the shutter has opened. The third 

to line in the diagram corresponds to the third divided period from when the shutter has opened. The fourth line in the 
diagram corresponds to the fourth divided period from when the shutter has opened. 

[01 15] The shutter time divided in accordance with the amount of movement v is also hereinafter referred to as the 
"shutter time/v". 

[01 1 6] When the object corresponding to the foreground is stationary, the light input into the sensor does not change, 
«5 and thus, the foreground component F01/V is equal to the value obtained by dividing the pixel value F01 by the number 
of virtual divided portions. Similarly, when the object corresponding to the foreground is stationary, the foreground 
component F02/v is equal to the value obtained by dividing the pixel value F02 by the number of virtual divided portions, 
the foreground component F03/v is equal to the value obtained by dividing the pixel value F03 by the number of virtual 
divided portions, and the foreground component F04/v is equal to the value obtained by dividing the pixel value F04 
50 by the number of virtual divided portions. 

[0117] When the object corresponding to the background is stationary, the light input into the sensor does not change, 
and thus, the background component B01/v is equal to the value obtained by dividing the pixel value B01 by the number 
of virtual divided portions. Similarly, when the object corresponding to the background is stationary, the background 
component B02/v is equal to the value obtained by dividing the pixel value B02 by the number of virtual divided portions. 
55 the background component B03/v is equal to the value obtained by dividing the pixel value B03 by the number of virtual 
divided portions, and the background component B04/V is equal to the value obtained by dividing the pixel value B04 
by the number of virtual divided portions. 

[0118] More specifically, when the object corresponding to the foreground is stationary, the light corresponding to 
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the foreground object input into the sensor does not change during the period corresponding to the shutter time. Ac- 
cordingly, the foreground component F01/v corresponding to the first portion of the shutter time/v from when the shutter 
has opened, the foreground component F01/V corresponding to the second portion of the shutter time/v from when the 
shutter has opened, the foreground component F01/v corresponding to the third portion of the shutter time/v from when 
5 the shutter has opened, and the foreground component F01/v corresponding to the fourth portion of the shutter time/ 
v from when the shutter has opened become the same value. The same applies to F02/v through F04/v. as in the case 
of F01/v. 

[0119] When the object corresponding to the background is stationary, the light corresponding to the background 
object input into the sensor does not change during the period corresponding to the shutter time. Accordingly, the 

10 background component B01/v corresponding to the first portion of the shutter time/v from when the shutter has opened, 
the background component B01/v corresponding to the second portion of the shutter time/v from when the shutter has 
opened, the background component B01/v corresponding to the third portion of the shutter time/v from when the shutter 
has opened, and the background component 801/v corresponding to the fourth portion of the shutter time/v from when 
the shutter has opened become the same value. The same applies to B02/v through B04/v. 

15 [01 20] A description is given of the case in which the object corresponding to the foreground is moving and the object 
corresponding to the background is stationary. 

[0121] Fig. 17 illustrates a model obtained by expanding in the time direction the pixel values of the pixels in one 
line, including a covered background area, when the object corresponding to the foreground is moving to the right in 
Fig. 17. In Fig. 17, the amount of movement v is 4. Since one frame is a short period, it can be assumed that the object 
20 corresponding to the foreground is a rigid body moving with constant velocity. In Fig. 1 7 . the object image corresponding 
to the foreground is moving such that it is positioned four pixels to the right with respect to a reference frame when it 
is displayed in the subsequent frame. 

[0122] In Fig. 17. the pixels from the leftmost pixel to the fourth pixel belong to the foreground area. In Fig. 17, the 
pixels from the fifth pixel to the seventh pixel from the left belong to the mixed area, which is the covered background 

25 area. In Fig. 17, the rightmost pixel belongs to the background area. 

[01 23] The object corresponding to the foreground is moving such that it gradually covers the object corresponding 
to the background over time. Accordingly, the components contained in the pixel values of the pixels belonging to the 
covered background area change from the background components to the foreground components at a certain time 
during the period corresponding to the shutter time. 

30 [0124] For example, the pixel value M surrounded by the thick frame in Fig. 17 is expressed by equation (1) below. 

M = B02/v+B02/v+F07/v+F06/v (1) 

35 [0125] For example, the fifth pixel from the left contains a background component corresponding to one portion of 
the shutter time/v and foreground components corresponding to three portions of the shutter time/v, and thus, the 
mixture ratio a of the fifth pixel from the left is 1/4. The sixth pixel from the left contains background components 
corresponding to two portions of the shutter time/v and foreground components corresponding to two portions of the 
shutter time/v. and thus, the mixture ratio a of the sixth pixel from the left is 1/2. The seventh pixel from the left contains 

to background components corresponding to three portions of the shutter time/v and a foreground component corre- 
sponding to one portion of the shutter time/v, and thus, the mixture ratio a of the fifth pixel from the left is 3/4. 
[01 26] It can be assumed that the object corresponding to the foreground is a rigid body, and the foreground object 
is moving with constant velocity such that it is displayed four pixels to the right in the subsequent frame. Accordingly, 
for example, the foreground component F07/V of the fourth pixel from the left in Fig. 1 7 corresponding to the first portion 

45 of the shutter time/v from when the shutter has opened is equal to the foreground component of the fifth pixel from the 
left in Fig. 17 corresponding to the second portion of the shutter time/v from when the shutter has opened. Similarly, 
the foreground component F07/V is equal to the foreground component of the sixth pixel from the left in Fig. 1 7 corre- 
sponding to the third portion of the shutter time/v from when the shutter has opened, and the foreground component 
of the seventh pixel from the left in Fig. 17 corresponding to the fourth portion of the shutter time/v from when the 

50 shutter has opened. 

[0127] It can be assumed that the object corresponding to the foreground is a rigid body, and the foreground object 
is moving with constant velocity such that it is displayed four pixels to the right in the subsequent frame. Accordingly, 
for example, the foreground component F06/V of the third pixel from the left in Fig. 17 corresponding to the first portion 
of the shutter time/v from when the shutter has opened is equal to the foreground component of the fourth pixel from 
55 the left in Fig. 1 7 corresponding to the second portion of the shutter time/v from when the shutter has opened. Similarly, 
the foreground component F06/v is equal to the foreground component of the fifth pixel from the left in Fig. 17 corre- 
sponding to the third portion of the shutter time/v from when the shutter has opened, and the foreground component 
of the sixth pixel from the left in Fig. 17 corresponding to the fourth portion of the shutter time/v from when the shutter 
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has opened. 

[0128] It can be assumed that the object corresponding to the foreground is a rigid body, and the foreground object 
is moving with constant velocity such that it is displayed four pixels to the right in the subsequent frame. Accordingly, 
for example, the foreground component F05/v of the second pixel from the left in Fig. 17 corresponding to the first 

5 portion of the shutter time/v from when the shutter has opened is equal to the foreground component of the third pixel 
from the left in Fig. 17 corresponding to the second portion of the shutter time/v from when the shutter has opened. 
Similarly, the foreground component F05/V is equal to the foreground component of the fourth pixel from the left in Fig. 
1 7 corresponding to the third portion of the shutter time/v from when the shutter has opened, and the foreground 
component of the fifth pixel from the left in Fig. 17 corresponding to the fourth portion of the shutter time/v from when 

10 the shutter has opened. 

[01 29] It can be assumed that the object corresponding to the foreground is a rigid body, and the foreground object 
is moving with constant velocity such that it is displayed four pixels to the right in the subsequent frame. Accordingly, 
for example, the foreground component F04/v of the left most pixel in Fig. 1 7 corresponding to the first portion of the 
shutter time/v from when the shutter has opened is equal to the foreground component of the second pixel from the 

15 left in Fig. 17 corresponding to the second portion of the shutter time/v from when the shutter has opened. Similarly, 
the foreground component F04/v is equal to the foreground component of the third pixel from the left in Fig. 17 corre- 
sponding to the third portion of the shutter time/v from when the shutter has opened, and the foreground component 
of the fourth pixel from the left in Fig. 1 7 corresponding to the fourth portion of the shutter time/v from when the shutter 
has opened. 

20 [0130] Since the foreground area corresponding to the moving object contains motion blur as discussed above, it 
can also be referred to as a "distortion area". 

[0131] Fig. 18 illustrates a model obtained by expanding in the time direction the pixel values of the pixels in one 
line including an uncovered background area when the object corresponding to the foreground is moving to the right 
in Fig. 18. In Fig. 18, the amount of movement v is 4. Since one frame is a short period, it can be assumed that the 
25 object corresponding to the foreground is a rigid body moving with constant velocity. In Fig. 18, the object image 
corresponding to the foreground is moving to the right such that it is positioned four pixels to the right with respect to 
a reference frame when it is displayed in the subsequent frame. 

[0132] In Fig. 18, the pixels from the leftmost pixel to the fourth pixel belong to the background area. In Fig. 18. the 
pixels from the fifth pixel to the seventh pixels from the left belong to the mixed area, which is an uncovered background 

30 area. In Fig. 18, the rightmost pixel belongs to the foreground area. 

[01 33] The object corresponding to the foreground which covers the object corresponding to the background is mov- 
ing such that it is gradually removed from the object corresponding to the background over time. Accordingly, the 
components contained in the pixel values of the pixels belonging to the uncovered background area change from the 
foreground components to the background components at a certain time of the period corresponding to the shutter time. 

35 [01 34] For example, the pixel value M' surrounded by the thick frame in Fig. 18 is expressed by equation (2). 

M" - F02/v+F01/v+B26/v+B26/v (2) 

40 [0135] For example, the fifth pixel from the left contains background components corresponding to three portions of 
the shutter time/v and a foreground component corresponding to one shutter portion of the shutter time/v, and thus, 
the mixture ratio a of the fifth pixel from the left is 3/4. The sixth pixel from the left contains background components 
corresponding to two portions of the shutter time/v and foreground components corresponding to two portions of the 
shutter time/v, and thus, the mixture ratio a of the sixth pixel from the left is 1/2. The seventh pixel from the left contains 

45 a background component corresponding to one portion of the shutter time/v and foreground components corresponding 
to three portions of the shutter time/v. and thus, the mixture ratio a of the seventh pixel from the left is 1/4. 
[0136] When equations (1) and (2) are generalized, the pixel value M can be expressed by equation (3): 



M = a - B + X Fi / v (3) 



where a is the mixture ratio. B indicates a pixel value of the background, and Fi/v designates a foreground com- 
55 ponent. 

[01 37] It can be assumed that the object corresponding to the foreground is a rigid body, which is moving with constant 
velocity, and the amount of movement is 4. Accordingly, for example, the foreground component F01/v of the fifth pixel 
from the left in Fig. 1 8 corresponding to the first portion of the shutter time/v from when the shutter has opened is equal 
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to the foreground component of the sixth pixel from the left in Fig. 18 corresponding to the second portion of the shutter 
time/v from when the shutter has opened. Similarly, the foreground component F01/v is equal to the foreground com- 
ponent of the seventh pixel from the left in Fig. 18 corresponding to the third portion of the shutter time/v from when 
the shutter has opened, and the foreground component of the eighth pixel from the left in Fig. 18 corresponding to the 

5 fourth portion of the shutter time/v from when the shutter has opened. 

[01 38] It can be assumed that the object corresponding to the foreground is a rigid body, which is moving with constant 
velocity, and the amount of movement v is 4. Accordingly, for example, the foreground component F02/v of the sixth 
pixel from the left in Fig. 18 corresponding to the first portion of the shutter time/v from when the shutter has opened 
is equal to the foreground component of the seventh pixel from the left in Fig. 18 corresponding to the second portion 

10 of the shutter time/v from when the shutter has opened. Similarly, the foreground component F02/v is equal to the 
foreground component of the eighth pixel from the left in Fig. 18 corresponding to the third portion of the shutter time/ 
v from when the shutter has opened. 

[01 39] It can be assumed that the object corresponding to the foreground is a rigid body, which is moving with constant 
velocity, and the amount of movement v is 4. Accordingly, for example, the foreground component F03/v of the seventh 
15 pixel from the left in Fig. 18 corresponding to the first portion of the shutter time/v from when the shutter has opened 
is equal to the foreground component of the eighth pixel from the left in Fig. 18 corresponding to the second portion 
of the shutter time/v from when the shutter has opened. 

[0140] It has been described with reference to Figs. 16 through 18 that the number of virtual divided portions is 4. 
The number of virtual divided portions corresponds to the amount of movement v. Generally, the amount of movement 

20 v corresponds to the moving speed of the object corresponding to the foreground. For example, if the object corre- 
sponding to the foreground is moving such that it is displayed four pixels to the right with respect to a certain frame 
when it is positioned in the subsequent frame, the amount of movement v is set to 4. The number of virtual divided 
portions is set to 4 in accordance with the amount of movement v. Similarly, when the object corresponding to the 
foreground is moving such that it is displayed six pixels to the left with respect to a certain frame when it is positioned 

25 in the subsequent frame, the amount of movement v is set to 6. and the number of virtual divided portions is set to 6. 
[0141] Figs. 19 and 20 illustrate the relationship of the foreground area, the background area, and the mixed area 
which consists of a covered background or an uncovered background, which are discussed above, to the foreground 
components and the background components corresponding to the divided periods of the shutter time. " 
[0142] Fig. 19 illustrates an example in which pixels in the foreground area, the background area, and the mixed 

30 area are extracted from an image containing a foreground corresponding to an object moving in front of a stationary 
background. In the example shown in Fig. 19, an object A corresponding to the foreground is horizontally moving with 
respect to the screen. 

[0143] Frame #n+1 is a frame subsequent to frame #n, and frame #n+2 is a frame subsequent to frame #n+1. 
[0144] Pixels in the foreground area, the background area, and the mixed area are extracted from one of frames #n 
35 through #n+2, and the amount of movement v is set to 4. A model obtained by expanding the pixel values of the 
extracted pixels in the time direction is shown in Fig. 20. 

[01451 Since the object A corresponding to the foreground is moving, the pixel values in the foreground area are 
formed of four different foreground components corresponding to the shutter time/v. For example, the leftmost pixel of 
the pixels in the foreground area shown in Fig. 20 consists of F01/v, F02/v, F03/v. and F04/v. That is. the pixels in the 
40 foreground contain motion blur. 

[0146] Since the object corresponding to the background is stationary, light input into the sensor corresponding to 
the background during the shutter time does not change. In this case, the pixel values in the background area do not 
contain motion blur. 

[0147] The pixel values in the mixed area consisting of a covered background area or an uncovered background 

45 area are formed of foreground components and background components. 

[0148] A description is given below of a model obtained by expanding in the time direction the pixel values of the 
pixels which are aligned side-by-side in a plurality of frames and which are located at the same positions when the 
frames are overlapped when the image corresponding to the object is moving. For example, when the image corre- 
sponding to the object is moving horizontally with respect to the screen, pixels aligned on the screen can be selected 

50 as the pixels aligned side-by-side. 

[0149] Fig. 21 illustrates a model obtained by expanding in the time direction the pixels which are aligned side-by- 
side in three frames of an image obtained by capturing an object corresponding to a stationary background and which 
are located at the same positions when the frames are overlapped. Frame #n is the frame subsequent to frame #n-1 , 
and frame #n+1 is the frame subsequent to frame #n. The same applies to the other frames. 

55 [0150] The pixel values B01 through B12 shown in Fig. 21 are pixel values corresponding to the stationary back- 
ground object. Since the object corresponding to the background is stationary, the pixel values of the corresponding 
pixels in frame #n-1 through frame #n+1 do not change. For example, the pixel in frame #n and the pixel in frame #n+1 
located at the corresponding position of the pixel having the pixel value B05 in frame #n-1 have the pixel value B0 5. 
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[0151] Fig. 22 illustrates a model obtained by expanding in the time direction the pixels which are aligned side-by- 
side in three frames of an image obtained by capturing an object corresponding to a foreground that is moving to the 
right in Fig. 22 together with an object corresponding to a stationary background and which are located at the same 
positions when the frames are overlapped. The model shown in Fig. 22 contains a covered background area. 
5 [0152] In Fig. 22, it can be assumed that the object corresponding to the foreground is a rigid body moving with 
constant velocity, and that it is moving such that it is displayed four pixels to the right in the subsequent frame. Accord- 
ingly, the amount of movement v is 4, and the number of virtual divided portions is 4. 

[01 53] For example, the foreground component of the leftmost pixel of frame #n-1 in Fig. 22 corresponding to the 
first portion of the shutter time/v from when the shutter has opened is F12/v. and the foreground component of the 
10 second pixel from the left in Fig. 22 corresponding to the second portion of the shutter time/v from when the shutter 
has opened is also F12/v. The foreground component of the third pixel from the left in Fig. 22 corresponding to the 
third portion of the shutter time/v from when the shutter has opened and the foreground component of the fourth pixel 
from the left in Fig. 22 corresponding to the fourth portion of the shutter time/v from when the shutter has opened are 
F12/v. 

15 [0154] The foreground component of the leftmost pixel of frame #n-1 in Fig. 22 corresponding to the second portion 
of the shutter time/v from when the shutter has opened is F11/v. The foreground component of the second pixel from 
the left in Fig. 22 corresponding to the third portion of the shutter time/v from when the shutter has opened is also 
F11/v. The foreground component of the third pixel from the left in Fig. 22 corresponding to the fourth portion of the 
shutter time/v from when the shutter has opened is F11/V. 

20 [01 55] The foreground component of the leftmost pixel of frame #n-1 in Fig. 22 corresponding to the third portion of 
the shutter time/v from when the shutter has opened is F10/v. The foreground component of the second pixel from the 
left in Fig. 22 corresponding to the fourth portion of the shutter time/v from when the shutter has opened is also F1 0/v. 
The foreground component of the leftmost pixel of frame #n-1 in Fig. 22 corresponding to the fourth portion of the 
shutter time/v from when the shutter has opened is F09/v. 

25 [0156] Since the object corresponding to the background is stationary, the background component of the second 
pixel from the left of frame #n-1 in Fig. 22 corresponding to the first portion of the shutter time/v from when the shutter 
has opened is B01/v. The background components of the third pixel from the left of frame #n-1 in Fig. 22 corresponding 
to the first and second portions of the shutter time/v from when the shutter has opened are B02/v. The background 
components of the fourth pixel from the left of frame #n-1 in Fig. 22 corresponding to the first through third portions of 

30 the shutter time/v from when the shutter has opened are B03/v. 

[0157] In frame #n-1 in Fig. 22, the leftmost pixel from the left belongs to the foreground area, and the second through 
fourth pixels from the left belong to the mixed area, which is a covered background area. 

[0158] The fifth through twelfth pixels from the left of frame #n-1 in Fig. 22 belong to the background area, and the 
pixel values thereof are B04 through B11, respectively. 

35 [0159] The first through fifth pixels from the left in frame #n in Fig. 22 belong to the foreground area. The foreground 
component in the shutter time/v in the foreground area of frame #n is any one of F05/V through F12/v. 
[01 60] It can be assumed that the object corresponding to the foreground is a rigid body moving with constant velocity, 
and that it is moving such that the foreground image is displayed four pixels to the right in the subsequent frame. 
Accordingly, the foreground component of the fifth pixel from the left of frame #n in Fig. 22 corresponding to the first 

40 portion of the shutter time/v from when the shutter has opened is F12/v, and the foreground component of the sixth 
pixel from the left in Fig. 22 corresponding to the second portion of the shutter time/v from when the shutter has opened 
is also F12/V. The foreground component of the seventh pixel from the left in Fig. 22 corresponding to the third portion 
of the shutter time/v from when the shutter has opened and the foreground component of the eighth pixel from the left 
in Fig. 22 corresponding to the fourth portion of the shutter time/v from when the shutter has opened are F12/v. 

45 [0161] The foreground component of the fifth pixel from the left of frame #n in Fig. 22 corresponding to the second 
portion of the shutter time/v from when the shutter has opened is F11/v. The foreground component of the sixth pixel 
from the left in Fig. 22 corresponding to the third portion of the shutter time/v from when the shutter has opened is also 
F11/v. The foreground component of the seventh pixel from the left in Fig. 22 corresponding to the fourth portion of the 
shutter time/v from when the shutter has opened is F11/v. 

50 [0162] The foreground component of the fifth pixel from the left of frame #n in Fig. 22 corresponding to the third 
portion of the shutter time/v from when the shutter has opened is F10/v. The foreground component of the sixth pixel 
from the left in Fig. 22 corresponding to the fourth portion of the shutter time/v from when the shutter has opened is 
also F1 0/v. The foreground component of the fifth pixel from the left of frame #n in Fig. 22 corresponding to the fourth 
portion of the shutter time/v from when the shutter has opened is F09/v. 

55 [01 63] Since the object corresponding to the background is stationary, the background component of the sixth pixel 
from the left of frame #n in Fig. 22 corresponding to the first portion of the shutter time/v from when the shutter has 
opened is B05/v. The background components of the seventh pixel from the left of frame #n in Fig. 22 corresponding 
to the first and second portions of the shutter time/v from when the shutter has opened are B06/v. The background 
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components of the eighth pixel from the left of frame #n In Fig. 22 corresponding to the first through third portion of the 
shutter time/v from when the shutter has opened are B07/v. 

[01 64] In frame #n in Fig. 22, the sixth through eighth pixels from the left belong to the mixed area, which is a covered 
background area. 

5 [0165] The ninth through twelfth pixels from the left of frame #n in Fig. 22 belong to the background area, and the 
pixel values thereof are B08 through B11. respectively. 

[0166] The first through ninth pixels from the left in frame #n+1 in Fig. 22 belong to the foreground area. The fore-- 
ground component in the shutter time/v in the foreground area of frame #n+1 is any one of F01/v through F12/v. 
[01 67] It can be assumed that the object corresponding to the foreground is a rigid body moving with constant velocity. 

jo and that it is moving such that the foreground image is displayed four pixels to the right in the subsequent frame. 
Accordingly, the foreground component of the ninth pixel from the left of frame #n+1 in Fig. 22 corresponding to the 
first portion of the shutter time/v from when the shutter has opened is F12/v, and the foreground component of the 
tenth pixel from the left in Fig. 22 corresponding to the second portion of the shutter time/v from when the shutter has 
opened is also F12/V. The foreground component of the eleventh pixel from the left in Fig. 22 corresponding to the 

15 third portion of the shutter time/v from when the shutter has opened and the foreground component of the twelfth pixel 
from the left in Fig. 22 corresponding to the fourth portion of the shutter time/v from when the shutter has opened are 
F12/v. 

[01 68] The foreground component of the ninth pixel from the left of frame #n+ 1 in Fig. 22 corresponding to the second 
portion of the shutter time/v from when the shutter has opened is F11/v. The foreground component of the tenth pixel 
20 from the left in Fig. 22 corresponding to the third portion of the shutter time/v from when the shutter has opened is also 
F11/v. The foreground component of the eleventh pixel from the left in Fig. 22 corresponding to the fourth portion of 
the shutter time/v from when the shutter has opened is F11/v. 

[0169] The foreground component of the ninth pixel from the left of frame #n+1 in Fig. 22 corresponding to the third 
portion of the shutter time/v from when the shutter has opened is F10/V. The foreground component of the tenth pixel 
25 from the left in Fig. 22 corresponding to the fourth portion of the shutter time/v from when the shutter has opened is 
also F10/v. The foreground component of the ninth pixel from the left of frame #n+1 in Fig. 22 corresponding to the 
fourth portion of the shutter time/v from when the shutter has opened is F09/v. 

[0170] Since the object corresponding to the background is stationary, the background component of the tenth pixel 
from the left of frame #n+1 in Fig. 22 corresponding to the first portion of the shutter time/v from when the shutter has 
30 opened is B09/v The background components of the eleventh pixel from the left of frame #n+1 in Fig. 22 corresponding 
to the first and second portions of the shutter time/v from when the shutter has opened are B10/v. The background 
components of the twelfth pixel from the left of frame #n+1 in Fig. 22 corresponding to the first through third portion of 
the shutter time/v from when the shutter has opened are B11/v. 

[0171] In frame #n+1 in Fig. 22, the tenth through twelfth pixels from the left belong to the mixed area, which is a 
35 covered background area. 

[0172] Fig. 23 is a model of an image obtained by extracting the foreground components from the pixel values shown 
in Fig. 22. 

[0173] Fig. 24 illustrates a model obtained by expanding in the time direction the pixels which are aligned side-by- 
side in three frames of an image obtained by capturing an object corresponding to a foreground that is moving to the 

to right in Fig. 24 together with an object corresponding to a stationary background and which are located at the same 
positions when the frames are overlapped. The model shown in Fig. 24 contains an uncovered background area. 
[0174] In Fig. 24, it can be assumed that the object corresponding to the foreground is a rigid body moving with 
constant velocity, and that it is moving such that it is displayed four pixels to the right in the subsequent frame. Accord- 
ingly, the amount of movement v is 4. 

45 [0175] For example, the foreground component of the leftmost pixel of frame #n-1 in Fig. 24 corresponding to the 
first portion of the shutter time/v from when the shutter has opened is F13/V, and the foreground component of the 
second pixel from the left in Fig. 24 corresponding to the second portion of the shutter time/v from when the shutter 
has opened is also F13/v. The foreground component of the third pixel from the left in Fig. 24 corresponding to the 
third portion of the shutter time/v from when the shutter has opened and the foreground component of the fourth pixel 

50 from the left in Fig. 24 corresponding to the fourth portion of the shutter time/v from when the shutter has opened are 
F13/v. 

[0176] The foreground component of the second pixel from the left of frame #n-1 in Fig. 24 corresponding to the first 
portion of the shutter time/v from when the shutter has opened is F14/v. The foreground component of the third pixel 
from the left in Fig. 24 corresponding to the second portion of the shutter time/v from when the shutter has opened is 
55 also F14/v. The foreground component of the third pixel from the left in Fig. 24 corresponding to the first portion of the 
shutter time/v from when the shutter has opened is F15/v. 

[0177] Since the object corresponding to the background is stationary, the background components of the leftmost 
pixel of frame #n-1 in Fig. 24 corresponding to the second through fourth portions of the shutter time/v from when the 
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shutter has opened are B25/v. The background components of the second pixel from the left of frame #n-1 in Fig. 24 
corresponding to the third and fourth portions of the shutter time/v from when the shutter has opened are B26/v. The 
background component of the third pixel from the left of frame #n-1 in Fig. 24 corresponding to the fourth portion of 
the shutter time/v from when the shutter has opened is B27/v. 
5 [0178] In frame #n-1 in Fig. 24, the leftmost pixel through the third pixel belong to the mixed area, which is an un- 
covered background area. 

[0179] The fourth through twelfth pixels from the left of frame #n-1 in Fig. 24 belong to the foreground area. The 
foreground component of the frame is any one of F1 3/v through F24/v. 

[0180] The leftmost pixel through the fourth pixel from the left of frame #n in Fig. 24 belong to the background area, 

10 and the pixel values thereof are B25 through B28, respectively. 

[0181 ] It can be assumed that the object corresponding to the foreground is a rigid body moving with constant velocity, 
and that it is moving such that it is displayed four pixels to the right in the subsequent frame. Accordingly, the foreground 
component of the fifth pixel from the left of frame #n in Fig. 24 corresponding to the first portion of the shutter time/v 
from when the shutter has opened is F13/V, and the foreground component of the sixth pixel from the left in Fig. 24 

15 corresponding to the second portion of the shutter time/v from when the shutter has opened is also F13/v. The fore- 
ground component of the seventh pixel from the left in Fig. 24 corresponding to the third portion of the shutter time/v 
from when the shutter has opened and the foreground component of the eighth pixel from the left in Fig. 24 corre- 
sponding to the fourth portion of the shutter time/v from when the shutter has opened are F13/v. 

[0182] The foreground component of the sixth pixel from the left of frame #n in Fig. 24 corresponding to the first 
20 portion of the shutter time/v from when the shutter has opened is F14/v. The foreground component of the seventh 
pixel from the left in Fig. 24 corresponding to the second portion of the shutter time/v from when the shutter has opened 
is also F14/v. The foreground component of the eighth pixel from the left in Fig. 24 corresponding to the first portion 
of the shutter time/v from when the shutter has opened is F15/v 

[0183] Since the object corresponding to the background is stationary, the background components of the fifth pixel 
25 from the left of frame #n in Fig. 24 corresponding to the second through fourth portions of the shutter time/v from when 
the shutter has opened are B29/v. The background components of the sixth pixel from the left of frame #n in Fig. 24 
corresponding to the third and fourth portions of the shutter time/v from when the shutter has opened are B30/v. The 
background component of the seventh pixel from the left of frame #n in Fig. 24 corresponding to the fourth portion of 
the shutter time/v from when the shutter has opened is B31/v. 
30 [0184] In frame #n in Fig. 24, the fifth pixel through the seventh pixel from the left belong to the mixed area, which 
is an uncovered background area. 

[0185] The eighth through twelfth pixels from the left of frame #n in Fig. 24 belong to the foreground area. The value 
in the foreground area of frame #n corresponding to the period of the shutter time/v is any one of F13/v through F20/V. 
[0186] The leftmost pixel through the eighth pixel from the left of frame #n+1 in Fig. 24 belong to the background 

35 area, and the pixel values thereof are B25 through B32, respectively. 

[01 87] It can be assumed that the object corresponding to the foreground is a rigid body moving with constant velocity, 
and that it is moving such that it is displayed four pixels to the right in the subsequent frame. Accordingly, the foreground 
component of the ninth pixel from the left of frame #n+1 in Fig. 24 corresponding to the first portion of the shutter time/ 
v from when the shutter has opened is F13/V, and the foreground component of the tenth pixel from the left in Fig. 24 

40 corresponding to the second portion of the shutter time/v from when the shutter has opened is also F13/v. The fore- 
ground component of the eleventh pixel from the left in Fig. 24 corresponding to the third portion of the shutter time/v 
from when the shutter has opened and the foreground component of the twelfth pixel from the left in Fig. 24 corre- 
sponding to the fourth portion of the shutter time/v from when the shutter has opened are F13/V. 
[0188] The foreground component of the tenth pixel from the left of frame #n+1 in Fig. 24 corresponding to the first 

45 portion of the shutter time/v from when the shutter has opened is F14/v. The foreground component of the eleventh 
pixel from the left in Fig. 24 corresponding to the second portion of the shutter time/v from when the shutter has opened 
is also F14/v. The foreground component of the twelfth pixel from the left in Fig. 24 corresponding to the first portion 
of the shutter time/v from when the shutter has opened is F15/v. 

[0189] Since the object corresponding to the background is stationary, the background components of the ninth pixel 
50 from the left of frame #n+1 in Fig. 24 corresponding to the second through fourth portions of the shutter time/v from 

when the shutter has opened are B33/v. The background components of the tenth pixel from the left of frame #n+1 in 

Fig. 24 corresponding to the third and fourth portions of the shutter time/v from when the shutter has opened are B34/v. 

The background component of the eleventh pixel from the left of frame #n+1 in Fig. 24 corresponding to the fourth 

portion of the shutter time/v from when the shutter has opened is B35/v. 
55 [0190] In frame #n+1 in Fig. 24, the ninth through eleventh pixels from the left in Fig. 24 belong to the mixed area, 

which is an uncovered background area. 

[0191] The twelfth pixel from the left of frame #n+1 in Fig. 24 belongs to the foreground area. The foreground com- 
ponent in the shutter time/v in the foreground area of frame #n+1 is any one of F13 through F16, respectively. 
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[0192] Fig. 25 illustrates a model of an image obtained by extracting the foreground components from the pixel values 
shown in Fig. 24. 

[0193] Referring back to Fig. 9, the area specifying unit 103 specifies flags indicating to which of a foreground area, 
a background area, a covered background area, or an uncovered background area the individual pixels of the input 
5 image belong by using the pixel values of a plurality of frames, and supplies the flags to the mixture-ratio calculator 
104 and the motion-blur adjusting unit 106 as the area information. 

[0194] The mixture-ratio calculator 104 calculates the mixture ratio a for each pixel contained in the mixed area 
based on the pixel values of a plurality of frames and the area information, and supplies the calculated mixture ratio a 
to the foreground/background separator 105. 
10 [0195] The foreground/background separator 105 extracts the foreground component image consisting of only the 
foreground components based on the pixel values of a plurality of frames, the area information, and the mixture ratio 
a. and supplies the foreground component image to the motion-blur adjusting unit 106. 

[0196] The motion-blur adjusting unit 106 adjusts the amount of motion blur contained in the foreground component 
image based on the foreground component image supplied from the foreground/background separator 1 05, the motion 
15 vector supplied from the motion detector 102. and the area information supplied from the area specifying unit 1 03, and 
then outputs the foreground component image in which motion blur is adjusted. 

[0197] The processing for adjusting the amount of motion blur performed by the separating portion 91 is described 
below with reference to the flowchart of Fig. 26. In step S11. the area specifying unit 103 executes area specifying 
processing, based on an input image, for generating area information indicating to which of a foreground area, a back- 
20 ground area, a covered background area, or an uncovered background area each pixel of the input image belongs. 
Details of the area specifying processing are given below. The area specifying unit 103 supplies the generated area 
information to the mixture-ratio calculator 104. 

[0198] In step S 11. the area specifying unit 103 may generate, based on the input image, area information indicating 
to which of the foreground area, the background area, or the mixed area (regardless of whether each pixel belongs to 

25 a covered background area or an uncovered background area) each pixel of the input image belongs. In this case, the 
foreground/background separator 105 and the motion-blur adjusting unit 106 determine based on the direction of the 
motion vector whether the mixed area is a covered background area or an uncovered background area. For example, 
if the input image is disposed in the order of the foreground area, the mixed area, and the background area in the 
direction of the motion vector, it is determined that the mixed area is a covered background area. If the input image is 

30 disposed in the order of the background area, the mixed area, and the foreground area in the direction of the motion 
vector, it is determined that the mixed area is an uncovered background area. 

[0199] In step S12. the mixture-ratio calculator 104 calculates the mixture ratio a for each pixel contained in the 
mixed area based on the input image and the area information. Details of the mixture ratio calculating processing are 
given below. The mixture-ratio calculator 1 04 supplies the calculated mixture ratio a to the foreground/background 
35 separator 105. 

[0200] In step S13. the foreground/background separator 105 extracts the foreground components from the input 
image based on the area information and the mixture ratio a. and supplies the foreground components to the motion- 
blur adjusting unit 106 as the foreground component image. 

[0201] In step S14. the motion-blur adjusting unit 106 .generates, based on the motion vector and the area informa- 
40 tion, the unit of processing that indicates the positions of consecutive pixels disposed in the moving direction and 
belonging to any of the uncovered background area, the foreground area, and the covered background area, and 
adjusts the amount of motion blur contained in the foreground components corresponding to the unit of processing. 
Details of the processing for adjusting the amount of motion blur are given below. 

[0202] In step SI 5, the separating portion 91 determines whether the processing is finished for the whole screen. If 
45 it is determined that the processing is not finished for the whole screen, the process proceeds to step S14, and the 
processing for adjusting the amount of motion blur for the foreground components corresponding to the unit of process- 
ing is repeated. 

[0203] If it is determined in step S 1 5 that the processing is finished for the whole screen, the processing is completed. 
[0204] In this manner, the separating portion 91 is capable of adjusting the amount of motion blur contained in the 
50 foreground by separating the foreground and the background. That is, the separating portion 91 is capable of adjusting 
the amount of motion blur contained in sampled data indicating the pixel values of the foreground pixels. 
[0205] The configuration of each of the area specifying unit 103, the mixture-ratio calculator 104, the foreground/ 
background separator 105. and the motion-blur adjusting unit 106 is described below. 

[0206] Fig. 27 is a block diagram illustrating an example of the configuration of the area specifying unit 103. The 
55 area specifying unit 103 shown in Fig. 27 does not use a motion vector. A frame memory 201 stores an input image 
in units of frames. When the image to be processed is frame #n, the frame memory 201 stores frame #n-2. which is 
the frame two frames before frame #n, frame #n-1. which is the frame one frame before frame #n, frame #n, frame 
#n+1, which is the frame one frame after frame #n. frame #n+2, which is the frame two frames after frame #n. 
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[0207] A stationary/moving determining portion 202-1 reads the pixel value of the pixel of frame #n+2 located at the 
same position as a designated pixel of frame #n in which the area to which the pixel belongs is determined, and reads 
the pixel value of the pixel of frame #n+1 located at the same position of the designated pixel of frame #n from the 
frame memory 201 . and calculates the absolute value of the difference between the read pixel values. The stationary/ 

5 moving determining portion 202- 1 determines whether the absolute value of the difference between the pixel value of 
frame #n+2 and the pixel value of frame #n+1 is greater than a preset threshold Th. If it is determined that the difference 
is greater than the threshold Th, a stationary/moving determination indicating "moving" is supplied to an area deter- 
mining portion 203-1. If it is determined that the absolute value of the difference between the pixel value of the pixel 
of frame #n+2 and the pixel value of the pixel of frame #n+1 is smaller than or equal to the threshold Th, the stationary/ 

10 moving determining portion 202-1 supplies a stationary/moving determination indicating "stationary" to the area deter- 
mining portion 203-1. 

[0208] A stationary/moving determining portion 202-2 reads the pixel value of a designated pixel of frame #n in which 
the area to which the pixel belongs is determined, and reads the pixel value of the pixel of frame #n+1 located at the 
same position as the designated pixel of frame #n from the frame memory 201 . and calculates the absolute value of 

is the difference between the pixel values. The stationary/moving determining portion 202-2 determines whether the 
absolute value of the difference between the pixel value of frame #n+1 and the pixel value of frame #n is greater than 
a preset threshold Th. If it is determined that the absolute value of the difference between the pixel values is greater 
than the threshold Th. a stationary/moving determination indicating "moving" is supplied to the area determining portion 
203-1 and an area determining portion 203-2. If it is determined that the absolute value of the difference between the 

20 pixel value of the pixel of frame #n+1 and the pixel value of the pixel of frame #n is smaller than or equal to the threshold 
Th. the stationary /moving determining portion 202-2 supplies a stationary/moving determination indicating "stationary" 
to the area determining portion 203-1 and the area determining portion 203-2. 

[0209] A stationary/moving determining portion 202-3 reads the pixel value of a designated pixel of frame #n in which 
the area to which the pixel belongs is determined, and reads the pixel value of the pixel of frame #n-1 located at the 

25 same position as the designated pixel of frame #n from the frame memory 201 , and calculates the absolute value of 
the difference between the pixel values. The stationary/moving determining portion 202-3 determines whether the 
absolute value of the difference between the pixel value of frame #n and the pixel value of frame #n-1 is greater than 
a preset threshold Th. If it is determined that the absolute value of the difference between the pixel values is greater 
than the threshold Th. a stationary/moving determination indicating "moving" is supplied to the area determining portion 

30 203-2 and an area determining portion 203-3. If it is determined that the absolute value of the difference between the 
pixel value of the pixel of frame #n and the pixel value of the pixel of frame #n-1 is smaller than or equal to the threshold 
Th, the stationary/moving determining portion 202-3 supplies a stationary/moving determination indicating "stationary" 
to the area determining portion 203-2 and the area determining portion 203-3. 

[0210] A stationary/moving determining portion 202-4 reads the pixel value of the pixel of frame #n-1 located at the 

35 same position as a designated pixel of frame #n in which the area to which the pixel belongs is determined, and reads 
the pixel value of the pixel of frame #n-2 located at the same position as the designated pixel of frame #n from the 
frame memory 201 , and calculates the absolute value of the difference between the pixel values. The stationary/moving 
determining portion 202-4 determines whether the absolute value of the difference between the pixel value of frame 
#n-1 and the pixel value of frame #n-2 is greater than a preset threshold Th. If it is determined that the absolute value 

40 of the difference between the pixel values is greater than the threshold Th, a stationary/moving determination indicating 
"moving" is supplied to the area determining portion 203-3. If it is determined that the absolute value of the difference 
between the pixel value of the pixel of frame #n-1 and the pixel value of the pixel of frame #n-2 is smaller than or equal 
to the threshold Th, the stationary/moving determining portion 202-4 supplies a stationary /moving determination indi- 
cating "stationary" to the area determining portion 203-3. 

45 [0211] When the stationary/moving determination supplied from the stationary/moving determining portion 202-1 
indicates "stationary" and when the stationary/moving determination supplied from the stationary/moving determining 
portion 202-2 indicates "moving", the area determining portion 203-1 determines that the designated pixel of frame #n 
belongs to an uncovered background area, and sets "1" which indicates that the designated pixel belongs to an un- 
covered background area, in an uncovered-background-area determining flag associated with the designated pixel. 

50 [0212] When the stationary/moving determination supplied from the stationary/moving determining portion 202-1 
indicates "moving" or when the stationary /moving determination supplied from the stationary/moving determining por- 
tion 202-2 indicates "stationary", the area specifying unit 203-1 determines that the designated pixel of frame #n does 
not belong to an uncovered background area, and sets "0", which indicates that the designated pixel does not belong 
to an uncovered background area, in the uncovered-background-area determining flag associated with the designated 

55 pixel. 

[0213] The area determining portion 203-1 supplies the uncovered- background-area determining flag in which "1" 
or "0" is set as discussed above to a determining-flag- storing frame memory 204. 

[0214] When the stationary/moving determination supplied from the stationary/moving determining portion 202-2 
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indicates "stationary" and when the stationary/moving determination supplied from the stationary/moving determining 
portion 202-3 indicate "stationary", the area determining portion 203-2 determines that the designated pixel of frame 
#n belongs to the stationary area, and sets "1". which indicates that the pixel belongs to the stationary area, in a 
stationary-area determining flag associated with the designated pixel. 

[0215] When the stationary/moving determination supplied from the stationary/moving determining portion 202-2 
indicates "moving" or when the stationary/moving determination supplied from the stationary/moving determining por- 
tion 202-3 indicate "moving", the area determining portion 203-2 determines that the designated pixel of frame #n does 
not belong to the stationary area, and sets "0". which indicates that the pixel does not belong to the stationary area, 
in the stationary-area determining flag associated with the designated pixel. 

[0216] The area determining portion 203-2 supplies the stationary-area determining flag in which "1" or "0" is set as 
discussed above to the determining-flag-storing frame memory 204. 

[0217] When the stationary/moving determination supplied from the stationary/moving determining portion 202-2 
indicates "moving" and when the stationary/moving determination supplied from the stationary/moving determining 
portion 202-3 indicate "moving", the area determining portion 203-2 determines that the designated pixel of frame #n 
belongs to the moving area, and sets "1", which indicates that the designated pixel belongs to the moving area, in a 
moving-area determining flag associated with the designated pixel. 

[0218] When the stationary/moving determination supplied from the stationary/moving determining portion 202-2 
indicates "stationary" or when the stationary /moving determination supplied from the stationary/moving determining 
portion 202-3 indicate "stationary", the area determining portion 203-2 determines that the designated pixel of frame 
#n does not belong to the moving area, and sets "0". which indicates that the pixel does not belong to the moving area, 
in the moving-area determining flag associated with the designated pixel. 

[0219] The area determining portion 203-2 supplies the moving-area determining flag in which "1" or "0" is set as 
discussed above to the determining-flag-storing frame memory 204. 

[0220] When the stationary/moving determination supplied from the stationary/moving determining portion 202-3 
indicates "moving" and when the stationary/moving determination supplied from the stationary/moving determining 
portion 202-4 indicate "stationary", the area determining portion 203-3 determines that the designated pixel of frame 
#n belongs to a covered background area, and sets "1", which indicates that the designated pixel belongs to the covered 
background area, in a covered-background-area determining flag associated with the designated pixel. 
[0221] When the stationary /moving determination supplied from the stationary/moving determining portion 202-3 
indicates "stationary" or when the stationary /moving determination supplied from the stationary/moving determining 
portion 202-4 indicate "moving", the area determining portion 203-3 determines that the designated pixel of frame #n 
does not belong to a covered background area, and sets "0", which indicates that the designated pixel does not belong 
to a covered background area, in the covered-background-area determining flag associated with the designated pixel. 
[0222] The area determining portion 203-3 supplies the covered-background-area determining flag in which "1" or 
"0" is set as discussed above to the determining-flag-storing frame memory 204. 

[0223] The determining-flag-storing frame memory 204 thus stores the uncovered-background-area determining flag 
supplied from the area determining portion 203-1, the stationary-area determining flag supplied from the area deter- 
mining portion 203-2, the moving-area determining flag supplied from the area determining portion 203-2, and the 
covered-background-area determining flag supplied from the area determining portion 203-3. 

[0224] The determining-flag-storing frame memory 204 supplies the uncovered-background-area determining flag, 
the stationary-area determining flag, the moving-area determining flag, and the covered-background-area determining 
flag stored therein to a synthesizer 205. The synthesizer 205 generates area information indicating to which of the 
uncovered background area, the stationary area, the moving area, or the covered background area each pixel belongs 
based on the uncovered-background-area determining flag, the stationary-area determining flag, the moving-area de- 
termining flag, and the covered -background-area determining flag supplied from the determining-flag-storing frame 
memory 204. and supplies the area information to a determining-flag-storing frame memory 206. 
[0225] The determining-flag-storing frame memory 206 stores the area information supplied from the synthesizer 
205, and also outputs the area information stored therein. 

[0226] An example of the processing performed by the area specifying unit 103 is described below with reference 
to Figs. 28 through 32. 

[0227] When the object corresponding to the foreground is moving, the position of the image corresponding to the 
object on the screen changes in every frame. As shown in Fig. 28. the image corresponding to the object located at 
the position indicated by Yn(x.y) in frame #n is positioned at Yn+ 1 (x.y) in frame #n+ 1 . which is subsequent to frame #n. 
[0228] A model obtained by expanding in the time direction the pixel values of the pixels aligned side-by-side in the 
moving direction of the image corresponding to the foreground object is shown in Fig. 22. For example, if the moving 
direction of the image corresponding to the foreground object is horizontal with respect to the screen, the model shown 
in Fig. 29 is a mode! obtained by expanding in the time direction the pixel values of the pixels disposed on a line side- 
by-side. 
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[0229] In Fig. 29, the line in frame #n is equal to the line in frame #n+1 . 

[0230] The foreground components corresponding to the object contained in the second pixel to the thirteenth pixel 
from the left in frame #n are contained in the sixth pixel through the seventeenth pixel from the left in frame #n-*- 1 . 
[0231] In frame #n, the pixels belonging to the covered background area are the eleventh through thirteenth pixels 
5 from the left, and the pixels belonging to the uncovered background area are the second through fourth pixels from 
the left. In frame #n+1. the pixels belonging to the covered background area are the fifteenth through seventeenth 
pixels from the left, and the pixels belonging to the uncovered background area are the sixth through eighth pixels from 
the left. 

[0232] In the example shown in Fig. 29, since the foreground components contained in frame #n are moved by four 
10 pixels in frame #n+1, the amount of movement v is 4. The number of virtual divided portions is 4 in accordance with 
the amount of movement v. 

[0233] A description is now given of a change in pixel values of the pixels belonging to the mixed area in the frames 
before and after a designated frame. 

[0234] In Fig. 30, the pixels belonging to a covered background area in frame #n in which the background is stationary 
15 and the amount of movement v in the foreground is 4 are the fifteenth through seventeenth pixels from the left. Since 
the amount of movement v is 4, the fifteenth through seventeenth frames from the left in the previous frame #n-1 
contain only background components and belong to the background area. The fifteenth through seventeenth pixels 
from the left in frame #n-2, which is one before frame #n-1. contain only background components and belong to the 
background area. 

20 [0235] Since the object corresponding to the background is stationary, the pixel value of the fifteenth pixel from the 
left in frame #n-1 does not change from the pixel value of the fifteenth pixel from the left in frame #n-2. Similarly, the 
pixel value of the sixteenth pixel from the left in frame #n-1 does not change from the pixel value of the sixteenth pixel 
from the left in frame #n-2, and the pixel value of the seventeenth pixel from the left in frame #n-1 does not change 
from the pixel value of the seventeenth pixel from the left in frame #n-2. 

25 [0236] That is. the pixels in frame #n-1 and frame #n-2 corresponding to the pixels belonging to the covered back- 
ground area in frame #n consist of only background components, and the pixel values thereof do not change. Accord- 
ingly, the absolute value of the difference between the pixel values is almost 0. Thus, the stationary/moving determi- 
nation made for the pixels in frame #n-1 and frame #n-2 corresponding to the pixels belonging to the mixed area in 
frame #n by the stationary/moving determining portion 202-4 is "stationary". 

30 [0237] Since the pixels belonging to the covered background area in frame #n contain foreground components, the 
pixel values thereof are different from those of frame #n-1 consisting of only background components. Accordingly, the 
stationary/moving determi nation made for the pixels belonging to the mixed area in frame #n and the corresponding 
pixels in frame #n-1 by the stationary /moving determining portion 202-3 is "moving". 

[0238] When the stationary/moving determination result indicating "moving" is supplied from the stationary/moving 
35 determining portion 202-3, and when the stationary/moving determination result indicating "stationary" is supplied from 
the stationary/moving determining portion 202-4, as discussed above, the area determining portion 203-3 determines 
that the corresponding pixels belong to a covered background area. 

[0239] In Fig. 31 , in frame #n in which the background is stationary and the amount of movement v in the foreground 
is 4, the pixels contained in an uncovered background area are the second through fourth pixels from the left. Since 

40 the amount of movement v is 4, the second through fourth pixels from the left in the subsequent frame #n+1 contain 
only background components and belong to the background area. In frame #n+2 T which is subsequent to frame #n+1, 
the second through fourth pixels from the left contain only background components and belong to the background area. 
[0240] Since the object corresponding to the background is stationary, the pixel value of the second pixel from the 
left in frame #n+2 does not change from the pixel value of the second pixel from the left in frame #n+1 . Similarly, the 

45 pixel value of the third pixel from the left in frame #n+2 does not change from the pixel value of the third pixel from the 
left in frame #n+1, and the pixel value of the fourth pixel from the left in frame #n+2 does not change from the pixel 
value of the fourth pixel from the left in frame #n+1. 

[0241] That is, the pixels in frame #n+1 and frame #n+2 corresponding to the pixels belonging to the uncovered 
background area in frame #n consist of only background components, and the pixel values thereof do not change. 
50 Accordingly, the absolute value of the difference between the pixel values is almost 0. Thus, the stationary/moving 
determination made for the pixels in frame #n+1 and frame #n+2 corresponding to the pixels belonging to the mixed 
area in frame #n by the stationary /moving determining portion 202-1 is "stationary". 

[0242] Since the pixels belonging to the uncovered background area in frame #n contain foreground components, 
the pixel values thereof are different from those of frame #n+ 1 consisting of only background components. Accordingly, 
55 the stationary/moving determination made for the pixels belonging to the mixed area in frame #n and the corresponding 
pixels in frame #n+1 by the stationary/moving determining portion 202-2 is "moving". 

[0243] When the stationary/moving determination result indicating "moving" is supplied from the stationary /moving 
determining portion 202-2. and when the stationary/moving determination result indicating "stationary" is supplied from 
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the stationary/moving determining portion 202-1, as discussed above, the area determining portion 203-1 determines 
that the corresponding pixels belong to an uncovered background area. 

[0244] Fig. 32 illustrates determination conditions. for frame #n made by the area specifying unit 103. When the 
determination result for the pixel in frame #n-2 located at the same image position as a pixel in frame #n to be processed 
5 and for the pixel in frame #n-1 located at the same position as the pixel in frame #n is stationary, and when the deter- 
mination result for the pixel in frame #n and the pixel in frame #n-1 located at the same image position as the pixel in 
frame #n is moving, the area specifying unit 1 03 determines that the pixel in frame #n belongs to a covered backg round 
area. 

[0245] When the determination result for the pixel in frame #n and the pixel in frame #n-1 located at the same image 
10 position as the pixel in frame #n is stationary, and when the determination result for the pixel in frame #n and the pixel 
in frame #n+1 located at the same image position as the pixel in frame #n is stationary, the area specifying unit 103 
determines that the pixel in frame #n belongs to the stationary area. 

[0246] When the determination result for the pixel in frame #n and the pixel in frame #n-1 located at the same image 
position as the pixel in frame #n is moving, and when the determination result for the pixel in frame #n and the pixel 
15 in frame #n+1 located at the same image position as the pixel in frame #n is moving, the area specifying unit 103 
determines that the pixel in frame #n belongs to the moving area. 

[0247] When the determination result for the pixel in frame #n and the pixel in frame #n+ 1 located at the same i mage 
position as the pixel in frame #n is moving, and when the determination result for the pixel in frame #n+1 located at 
the same image position as the pixel in frame #n and the pixel in frame #n+2 located at the same image position as 
20 the pixel in frame #n is stationary, the area specifying unit 103 determines that the pixel in frame #n belongs to an 
uncovered background area. 

[0248] Figs. 33A through 33D illustrate examples of the area determination results obtained by the area specifying 
unit 103. In Fig. 33A, the pixels which are determined to belong to a covered background area are indicated in white. 
In Fig. 33B, the pixels which are determined to belong to an uncovered background area are indicated in white. 
25 [0249] In Fig. 33C, the pixels which are determined to belong to a moving area are indicated in white. In Fig. 33D, 
the pixels which are determined to belong to a stationary area are indicated in white. 

[0250] Fig. 34 illustrates the area information indicating the mixed area, in the form of an image, selected from the 
area information output from the determining-flag-storing frame memory 206. In Fig. 34, the pixels which are determined 
to belong to the covered background area or the uncovered background area, i.e., the pixels which are determined to 
30 belong to the mixed area, are indicated in white. The area information indicating the mixed area output from the de- 
termining-flag-storing frame memory 206 designates the mixed area and the portions having a texture surrounded by 
the portions without a texture in the foreground area. 

[0251] The area specifying processing performed by the area specifying unit 103 is described below with reference 
to the flowchart of Fig. 35. In step S201 , the frame memory 201 obtains an image of frame #n-2 through frame #n+2 
35 induding frame #n. 

[0252] In step S202, the stationary/moving determining portion 202-3 determines whether the determination result 
for the pixel in frame #n-1 and the pixel in frame #n located at the same position is stationary. If it is determined that 
the determination result is stationary, the process proceeds to step S203 in which the stationary /moving determining 
portion 202-2 determines whether the determination result for the pixel in frame #n and the pixel in frame #n+1 located 

40 at the same position is stationary. 

[0253] If it is determined in step S203 that the determination result for the pixel in frame #n and the pixel in frame 
#n+1 located at the same position is stationary, the process proceeds to step S204. In step S204, the area determining 
portion 203-2 sets "1 H , which indicates that the pixel to be processed belongs to the stationary area, in the stationary- 
area determining flag assodated with the pixel to be processed. The area determining portion 203-2 supplies the 

45 stationary-area determining flag to the determining-flag-storing frame memory 204, and the process proceeds to step 
S205. 

[0254] If it is determined in step S202 that the determination result for the pixel in frame #n-1 and the pixel in frame 
#n located at the same position is moving, or if it is determined in step S203 that the determination result for the pixel 
in frame #n and the pixel in frame #n+1 located at the same position is moving, the pixel to be processed does not 

50 belong to a stationary area. Accordingly, the processing of step S204 is skipped, and the process proceeds to step S205. 
[0255] In step S205, the stationary/moving determining portion 202-3 determines whether the determination result 
for the pixel in frame #n-1 and the pixel in frame #n located at the same position is moving. If it is determined that the 
determination result is moving, the process proceeds to step S206 in which the stationary/moving determining portion 
202-2 determines whether the determination result for the pixel in frame #n and the pixel in frame #n+1 located at the 

55 same position is moving. 

[0256] If it is determined in step S206 that the determination result for the pixel in frame #n and the pixel in frame 
#n+1 located at the same position is moving, the process proceeds to step S207. In step S207, the area determining 
portion 203-2 sets "1", which indicates that the pixel to be processed belongs to a moving area, in the moving-area 
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determining flag associated with the pixel to be processed. The area determining area 203-2 supplies the moving-area 
determining flag to the determining-flag-storing frame memory 204, and the process proceeds to step S208. 
[0257] If it is determined in step S205 that the determination result for the pixel in frame #n-1 and the pixel in frame 
#n located at the same position is stationary, or if it is determined in step S206 that the determination result for the 

5 pixel in frame #n and the pixel in frame #n+1 located at the same position is stationary, the pixel in frame #n does not 
belong to a moving area. Accordingly, the processing of step S207 is skipped, and the process proceeds to step S208. 
[0258] In step S208, the stationary/moving determining portion 202-4 determines whether the determination result 
for the pixel in frame #n-2 and the pixel in frame #n-1 located at the same position is stationary. If it is determined that 
the determination result is stationary, the process proceeds to step S209 in which the stationary/moving determining 

10 portion 202-3 determines whether the determination result for the pixel in frame #n- 1 and the pixel in frame #n located 
at the same position is moving. 

[0259] If it is determined in step S209 that the determination result for the pixel in frame #n-1 and the pixel in frame 
#n located at the same position is moving, the process proceeds to step S210. In step S210, the area determining 
portion 203-3 sets "1", which indicates that the pixel to be processed belongs to a covered background area, in the 

15 covered-background-area determining flag associated with the pixel to be processed. The area determining portion 
203-3 supplies the covered-background-area determining flag to the determining-flag-storing frame memory 204, and 
the process proceeds to step S21 1 . The area determining portion 203-3 supplies the covered-background-area deter- 
mining flag to the determining-flag-storing frame memory 204, and the process proceeds to step S211 
[0260] If it is determined in step S208 that the determination result for the pixel in frame #n-2 and the pixel in frame 

20 #n-1 located at the same position is moving, or if it is determined in step S209 that the pixel in frame #n-1 and the pixel 
in frame #n located at the same position is stationary, the pixel in frame #n does not belong to a covered background 
area. Accordingly, the processing of step S210 is skipped, and the process proceeds to step S211. 
[0261] In step S211, the stationary/moving determining portion 202-2 determines whether the determination result 
for the pixel in frame #n and the pixel in frame #n+1 located at the same position is moving. If it is determined in step 

25 S211 that the determination result is moving, the process proceeds to step S212 in which the stationary/moving de- 
termining portion 202-1 determines whether the determination result for the pixel in frame #n+1 and the pixel in frame 
#n+2 located at the same position is stationary 

[0262] If it is determined in step S212 that the determination result for the pixel in frame #n+1 and the pixel in frame 
#n+2 located at the same position is stationary, the process proceeds to step S21 3. In step S213, the area determining 
30 portion 203-1 sets "1". which indicates that the pixel to be processed belongs to an uncovered background area, in 
the uncovered- background-area determining flag associated with the pixel to be processed. The area determining 
portion 203-1 supplies the uncovered-background-flag determining flag to the determining-flag-storing frame memory 
204, and the process proceeds to step S214. 

[0263] If it is determined in step S211 that the determination result for the pixel in frame #n and the pixel in frame 

35 #n+1 located at the same position is stationary, or if it is determined in step S212 that the determination result for the 
pixel in frame #n+1 and the pixel in frame #n+2 is moving, the pixel in frame #n does not belong to an uncovered 
background area. Accordingly, the processing of step S213 is skipped, and the process proceeds to step S214. 
[0264] In step S214, the area specifying unit 103 determines whether the areas of all the pixels in frame #n are 
specified. If it is determined that the areas of ail the pixels in frame #n are not yet specified, the process returns to step 

40 S202, and the area specifying processing is repeated for the remaining pixels. 

[0265] If it is determined in step S214 that the areas of all the pixels in frame #n are specified, the process proceeds 
to step S215. In step S215, the synthesizer 215 generates area information indicating the mixed area based on the 
uncovered-background-area determining flag and the covered- background-area determining flag stored in the deter- 
mining-flag-storing frame memory 204, and also generates area information indicating to which of the uncovered back- 

45 ground area, the stationary area, the moving area, or the covered background area each pixel belongs, and sets the 
generated area information in the determining-flag-storing frame memory 206. The processing is then completed. 
[0266] As discussed above, the area specifying unit 103 is capable of generating area information indicating to which 
of the moving area, the stationary area, the uncovered background area, or the covered background area each of the 
pixels contained in a frame belongs. 

50 [0267] The area specifying unit 103 may apply logical OR to the area information corresponding to the uncovered 
background area and the area information corresponding to the covered background area so as to generate area 
information corresponding to the mixed area, and then may generate area information consisting of flags indicating to 
which of the moving area, the stationary area, or the mixed area the individual pixels contained in the frame belong. 
[0268] When the object corresponding to the foreground has a texture, the area specifying unit 103 is able to specify 

55 the moving area more precisely. 

[0269] The area specifying unit 103 is able to output the area information indicating the moving area as the area 
information indicating the foreground area, and outputs the area information indicating the stationary area as the area 
information indicating the background area. 
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[0270] The embodiment has been described, assuming that the object corresponding to the background is stationary. 
However, the above-described area specifying processing can be applied even if the image corresponding to the back- 
ground area contains motion. For example, if the image corresponding to the background area is uniformly moving, 
the area specifying unit 103 shifts the overall image in accordance with this motion, and performs processing in a 
5 manner similar to the case in which the object corresponding to the background is stationary. If the image corresponding 
to the background area contains locally different motions, the area specifying unit 103 selects the pixels corresponding 
to the motions, and executes the above-described processing. 

[0271 J Fig. 36 is a block diagram illustrating another example of the configuration of the area specifying unit 103. 

The area specifying unit 103 shown in Fig. 36 does not use a motion vector. A background image generator 301 
10 generates a background image corresponding to an input image, and supplies the generated background image to a 

binary-object-image extracting portion 302. The background image generator 301 extracts, for example, an image 

object corresponding to a background object contained in the input image, and generates the background image. 

[0272] An example of a model obtained by expanding in the time direction the pixel values of pixels aligned side-by- 

side in the moving direction of an image corresponding to a foreground object is shown in Fig. 37. For example, if the 
15 moving direction of the image corresponding to the foreground object is horizontal with respect to the screen, the mode! 

shown in Fig. 37 is a model obtained by expanding the pixel values of pixels disposed side-by-side on a single line in 

the time domain. 

[0273) In Fig. 37, the line in frame #n is the same as the line in frame #n-1 and the line in frame #n+1. 
[0274] In frame #n, the foreground components corresponding to the object contained in the sixth through seven- 
20 teenth pixels from the left are contained in the second through thirteenth pixels from the left in frame #n-1 and are also 
contained in the tenth through twenty-first pixel from the left in frame #n+1. 

[0275] In frame #n-1 , the pixels belonging to the covered background area are the eleventh through thirteenth pixels 
from the left, and the pixels belonging to the uncovered background area are the second through fourth pixels from 
the left. In frame #n, the pixels belonging to the covered background area are the fifteenth through seventeenth pixels 

25 from the left, and the pixels belonging to the uncovered background area are the sixth through eighth pixels from the 
lea In frame #n+1. the pixels belonging to the covered background area are the nineteenth through twenty-first pixels 
from the left, and the pixels belonging to the uncovered background area are the tenth through twelfth pixels from the left. 
[0276] In frame #n-1 , the pixels belonging to the background area are the first pixel from the left, and the fourteenth 
through twenty-first pixels from the left. In frame #n, the pixels belonging to the background area are the first through 

30 fifth pixels from the left, and the eighteenth through twenty-first pixels from the left. In frame #n+1 . the pixels belonging 
to the background area are the first through ninth pixels from the left. 

[0277] An example of the background image corresponding to the example shown in Fig. 37 generated by the back- 
ground image generator 301 is shown in Fig. 38. The background image consists of the pixels corresponding to the 
background object, and does not contain image components corresponding to the foreground object. 
35 [0278] The binary-object-image extracting portion 302 generates a binary object image based on the correlation 
between the background image and the input image, and supplies the generated binary object image to a time change 
detector 303. 

[0279] Fig. 39 is a block diagram illustrating the configuration of the binary-object-image extracting portion 302. A 
correlation-value calculator 321 calculates the correlation between the background image supplied from the back- 
40 ground image generator 301 and the input image so as to generate a correlation value, and supplies the generated 
correlation value to a threshold- value processor 322. 

[0280] The cor relation- value calculator 321 applies equation (4) to, for example, a 3x3-background image block 
having X 4 at the center, as shown in Fig. 40A, and to. for example, a 3x3-background image block having Y 4 at the 
center which corresponds to the background image block, as shown in Fig. 40B, thereby calculating a correlation value 
45 corresponding to Y 4 . 
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[0281 J The correlation-value calculator 321 supplies the correlation value calculated for each pixel as discussed 
*5 above to the threshold- value processor 322. 

[0282] Alternatively, the correlation-value calculator 321 may apply equation (7) to, for example, a 3x3-background 
image block having X 4 at the center, as shown in Fig. 41 A. and to, for example, a 3x3-background image block having 
Y 4 at the center which corresponds to the background image block, as shown in Fig. 41B, thereby calculating the sum 
of absolute values of differences corresponding to Y 4 . 

20 

a 

Sum of absolute values of differences = S |(Xi - Yi)| ("7) 

i -0 

25 

[0283] The correlation-value calculator 321 supplies the sum of the absolute values of the differences calculated as 
described above to the threshold- value processor 322 as the correlation value. 

[0284] The threshold- value processor 322 compares the pixel value of the correlation image with a threshold value 
thO. If the correlation value is smaller than or equal to the threshold value thO, 1 is set in the pixel value of the binary 
30 object image. If the correlation value is greater than the threshold value thO, 0 is set in the pixel value of the binary 
object image. The threshold-value processor 322 then outputs the binary object image whose pixel value is set to 0 or 
1 . The threshold-value processor 322 may store the threshold value thO therein in advance, or may use the threshold 
value thO input from an external source. 

[0285] Fig. 42 illustrates the binary object image corresponding to the model of the input image shown in Fig. 37. In 
35 the binary object image, 0 is set in the pixel values of the pixels each having a higher correlation with the background 
image. 

[0286] Fig. 43 is a block diagram illustrating the configuration of the time change detector 303. When determining 
the area of a pixel in frame #n, a frame memory 341 stores a binary object image of frame #n-1, frame #n, and frame 
#n+1 supplied from the binary-object-image extracting portion 302. 
40 [0287] An area determining portion 342 determines the area of each pixel of frame #n based on the binary object 
image of frame #n-1, frame #n. and frame #n+1 so as to generate area information, and outputs the generated area 
information. 

[0288] Fig. 44 illustrates the determinations made by the area determining portion 342. When the designated pixel 
of the binary object image in frame #n is 0. the area determining portion 342 determines that the designated pixel in 

45 frame #n belongs to the background area. 

[0289] When the designated pixel of the binary object image in frame #n is 1 , and when the corresponding pixel of 
the binary object image in frame #n-1 is 1 , and when the corresponding pixel of the binary object image in frame #n+1 
is 1 , the area determining portion 342 determines that the designated pixel in frame #n belongs to the foreground area. 
[0290] When the designated pixel of the binary object image in frame #n is 1 , and when the corresponding pixel of 

50 the binary object image in frame #n-1 is 0, the area determining portion 342 determines that the designated pixel in 
frame #n belongs to a covered background area. 

[0291] When the designated pixel of the binary object image in frame #n is 1 , and when the corresponding pixel of 
the binary object image in frame #n+1 is 0, the area determining portion 342 determines that the designated pixel in 
frame #n belongs to an uncovered background area. 
55 [0292] Fig. 45 illustrates an example of the determinations made by the time change detector 303 on the binary 
object image corresponding to the model of the input image shown in Fig. 37. The time change detector 303 determines 
that the first through fifth pixels from the left in frame #n belong to the background area since the corresponding pixels 
of the binary object image in frame #n are 0. 
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[0293] The time change detector 303 determines that the sixth through ninth pixels from the left belong to the un- 
covered background area since the pixels of the binary object image in frame #n are 1 , and the corresponding pixels 
in frame #n+1 are 0. 

[0294] The time change detector 303 determines that the tenth through thirteenth pixels from the left belong to the 
5 foreground area since the pixels of the binary object image in frame #n are 1 . the corresponding pixels in frame #n-1 
are 1, and the corresponding pixels in frame #n+1 are 1. 

[0295] The time change detector 303 determines that the fourteenth through seventeenth pixels from the left belong 
to the covered background area since the pixels of the binary object image in frame #n are 1 , and the corresponding 
pixels in frame #n-1 are 0. 

10 [0296] The time change detector 303 determines that the eighteenth through twenty-first pixels from the left belong 
to the background area since the corresponding pixels of the binary object image in frame #rt are 0. 
[0297] The area specifying processing performed by the area specifying unit 103 is described below with reference 
to the flowchart of Fig. 46. In step S301 , the background image generator 301 of the area specifying unit 103 extracts, 
for example, an image object corresponding to a background object contained in an input image based on the input 

15 image so as to generate a background image, and supplies the generated background image to the binary-object- 
image extracting portion 302. 

[0298] In step S302, the binary-object-image extracting portion 302 calculates a correlation value between the input 
image and the background image supplied from the background image generator 301 according to, for example, cal- 
culation discussed with reference to Figs. 40 A and 40B. In step S303, the binary-object-image extracting portion 302 
20 computes a binary object image from the correlation value and the threshold value thO by, for example, comparing the 
correlation value with the threshold value thO. 

[0299] In step S304, the time change detector 303 executes the area determining processing, and the processing 
is completed. 

[0300] Details of the area determining processing in step S304 are described below with reference to the flowchart 
25 of Fig. 47. in step S321, the area determining portion 342 of the time change detector 303 determines whether the 
designated pixel in frame #n stored in the frame memory 341 is 0. If it is determined that the designated pixel in frame 
#n is 0, the process proceeds to step S322. In step S322, it is determined that the designated pixel in frame #n belongs 
to the background area, and the processing is completed. 

[0301] If it is determined in step S321 that the designated pixel in frame #n is 1 , the process proceeds to step S323. 

30 in step S323, the area determining portion 342 of the time change detector 303 determines whether the designated 
pixel in frame #n stored in the frame memory 341 is 1, and whether the corresponding pixel in frame #n-1 is 0. If it is 
determined that the designated pixel in frame #n is 1 and the corresponding pixel in frame #n-1 is 0. the process 
proceeds to step S324. In step S324. it is determined that the designated pixel in frame #n belongs to the covered 
background area, and the processing is completed. 

35 [0302] If it is determined in step S323 that the designated pixel in frame #n is 0, or that the corresponding pixel in 
frame #n-1 is 1. the process proceeds to step S325. In step S325, the area determining portion 342 of the time change 
detector 303 determines whether the designated pixel in frame #n stored in the frame memory 341 is 1 , and whether 
the corresponding pixel in frame #n+1 is 0. If it is determined that the designated pixel in frame #n is 1 and the corre- 
sponding pixel in frame #n+1 is 0, the process proceeds to step S326. In step S326, it is determined that the designated 

40 pixel in frame #n belongs to the uncovered background area, and the processing is completed. 

[0303] If it is determined in step S325 that the designated pixel in frame #n is 0, or that the corresponding pixel in 
frame #n+1 is 1 , the process proceeds to step S327. In step S327, the area determining portion 342 of the time change 
detector 303 determines that the designated pixel in frame #n belongs to the foreground area, and the processing is 
completed. 

45 [0304] As discussed above, the area specifying unit 103 is able to specify, based on the correlation value between 
the input image and the corresponding background image, to which of the foreground area, the background area, the 
covered background area, or the uncovered background area each pixel of the input image belongs, and generates 
area information corresponding to the specified result. 

[0305] Fig. 48 is a block diagram illustrating another configuration of the area specifying unit 1 03. The area specifying 
50 unit 103 shown in Fig. 48 uses a motion vector and positional information thereof supplied from the motion detector 
102. The same elements as those shown in Fig. 36 are designated with like reference numerals, and an explanation 
thereof is thus omitted. 

[0306] A robust-processing portion 361 generates a robust binary object image based on binary object images of N 
frames supplied from the binary-object-image extracting portion 302. and outputs the robust binary object image to the 
55 time change detector 303. 

[0307] Fig. 49 is a block diagram illustrating the configuration of the robust-processing portion 361. A motion com- 
pensator 381 compensates for the motion of the binary object images of N frames based on the motion vector and the 
. positional information thereof supplied from the motion detector 102, and outputs a motion-compensated binary object 
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image to a switch 382. 

[0308] The motion compensation performed by the motion compensator 381 is discussed below with reference to 
examples shown in Figs. 50 and 51. It is now assumed, for example, that the area in frame #n is to be processed. 
When binary object images of frame #n-1. frame #n, and frame #n+1 shown in Fig. 50 are input, the motion compensator 
5 381 compensates for the motion of the binary object image of frame #n-1 and the binary object image of frame #n+l . 
as indicated by the example shown in Fig. 51, based on the motion vector supplied from the motion detector 102, and 
supplies the motion-compensated binary object images to the switch 382. 

[0309] The switch 382 outputs the motion-compensated binary object image of the first frame to a frame memory 

383- 1, and outputs the motion-compensated binary object image of the second frame to a frame memory 383-2. Sim- 
10 Marly, the switch 382 outputs the motion-compensated binary object images of the third through (N-1 )-th frame to frame 

memories 383-3 through 383-(N-1), and outputs the motion-compensated binary object image of the N-th frame to a 
frame memory 383-N. 

[031 0] The frame memory 383-1 stores the motion-compensated binary object image of the first frame, and outputs 
the stored binary object image to a weighting portion 384-1 . The frame memory 383-2 stores the motion-compensated 
15 binary object image of the second frame, and outputs the stored binary object image to a weighting portion 384-2. 

[031 1] Similarly, the frame memories 383-3 through 383-(N-1 ) stores the motion-compensated binary object images 
of the third through (N-1)-th frames, and outputs the stored binary object images to weighting portions 384-3 through 

384- (N-1). The frame memory 383-N stores the motion-compensated binary object image of the N-th frame, and outputs 
the stored binary object image to a weighting portion 384 -N. 

20 [0312] The weighting portion 384-1 multiplies the pixel value of the motion-compensated binary object image of the 
first frame supplied from the frame memory 383-1 by a predetermined weight w1 , and supplies a weighted binary object 
image to an accumulator 385. The weighting portion 384-2 multiplies the pixel value of the motion-compensated binary 
object image of the second frame supplied from the frame memory 383-2 by a predetermined weight w2, and supplies 
the weighted binary object image to the accumulator 385. 

25 [031 3] Likewise, the weighting portions 384-3 through 384-(N-1) multiply the pixel values of the motion-compensated 
binary object images of the third through (N-1)-th frames supplied from the frame memories 383-3 through 383-{N-l) 
by predetermined weights w3 through w(N-1), and supplies the weighted binary object images to the accumulator 385. 
The weighting portion 384-N multiplies the pixel value of the motion-compensated binary object image of the N-th frame 
supplied from the frame memory 383-N by a predetermined weight wN, and supplies the weighted binary object image 

30 to the accumulator 385. 

[0314] The accumulator 385 accumulates the pixel values of the motion-compensated binary object images multiplied 
by the weights w1 through wN of the first through N-th frames, and compares the accumulated pixel value with the 
predetermined threshold value thO, thereby generating the binary object image. 

[0315] As discussed above, the robust-processing portion 361 generates a robust binary object image from N binary 
35 object images, and supplies it to the time change detector 303. Accordingly, the area specifying unit 103 configured 
as shown in Fig. 48 is able to specify the area more precisely than that shown in Fig. 36 even if noise is contained in 
the input image. 

[0316] The area specifying processing performed by the area specifying unit 103 configured as shown in Fig. 48 is 
described below with reference to the flowchart of Fig. 52. The processings of step S341 through step S343 are similar 
40 to those of step S301 through step S3 03 discussed with reference to the flowchart of Fig. 46, and an explanation 
thereof is thus omitted. 

[0317] In step S344, the robust-processing portion 361 performs the robust processing. 

[0318] In step S345, the time change detector 303 performs the area determining processing, and the processing 
is completed. Details of the processing of step S345 are similar to the processing discussed with reference to the 

45 flowchart of Fig. 47, and an explanation thereof is thus omitted. 

[0319] Details of the robust processing corresponding to the processing of step S344 in Fig. 52 are given below with 
reference to the flowchart of Fig. 53. In step S361 , the motion compensator 381 performs the motion compensation of 
an input binary object image based on the motion vector and the positional information thereof supplied from the motion 
detector 102. In step S362, one of the frame memories 383-1 through 383-N stores the corresponding motion-com- 

50 pen sated binary object image supplied via the switch 382. 

[0320] In step S363, the robust-processing portion 361 determines whether N binary object images are stored. If it 
is determined that N binary object images are not stored, the process returns to step S361, and the processing for 
compensating for the motion of the binary object image and the processing for storing the binary object image are 
repeated. 

55 [0321] If it is determined in step S363 that N binary object images are stored, the process proceeds to step S364 in 
which weighting is performed. In step S364, the weighting portions 384-1 through 384-N multiply the corresponding N 
binary object images by the weights w1 through wN. 

[0322] In step S365, the accumulator 385 accumulates the N weighted binary object images. 
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[0323] In step S366, the accumulator 385 generates a binary object image from the accumulated images by. for 
example, comparing the accumulated value with a predetermined threshold value th1 , and the processing is completed. 
[0324] As discussed above, the area specifying unit 103 configured as shown in Fig. 48 is able to generate area 
information based on the robust binary object image. 
5 [0325] As is seen from the foregoing description, the area specifying unit 103 is able to generate area information 
indicating to which of the moving area, the stationary area, the uncovered background area, or the covered background 
area each pixel contained in a frame belongs. 

[0326] Fig. 54 is a block diagram illustrating the configuration of the mixture-ratio calculator 104. An estimated- 
mixture-ratio processor 401 calculates an estimated mixture ratio for each pixel by calculating a model of a covered 
10 background area based on the input image, and supplies the calculated estimated mixture ratio to a mixture-ratio 
determining portion 403. 

[0327] An estimated-mixture-ratio processor 402 calculates an estimated mixture ratio for each pixel by calculating 
a model of an uncovered background area based on the input image, and supplies the calculated estimated mixture 
ratio to the mixture-ratio determining portion 403. 

15 [0328] Since it can be assumed that the object corresponding to the foreground is moving with constant velocity 
within the shutter time, the mixture ratio a of the pixels belonging to a mixed area exhibits the following characteristics. 
That is, the mixture ratio a linearly changes according to the positional change in the pixels. If the positional change 
in the pixels is one-dimensional, a change in the mixture ratio a can be represented linearly. If the positional change 
in the pixels is two-dimensional, a change in the mixture ratio a can be represented on a plane. 

20 [0329] Since the period of one frame is short, it can be assumed that the object corresponding to the foreground is 
a rigid body moving with constant velocity. 

[0330] The gradient of the mixture ratio a is inversely proportional to the amount of movement v within the shutter 
time of the foreground. 

[0331] An example of the ideal mixture ratio a is shown in Fig. 55. The gradient 1 of the ideal mixture ratio ct in the 
25 mixed area can be represented by the reciprocal of the amount of movement v. 

[0332] As shown in Fig. 55, the ideal mixture ratio a has the value of 1 in the background area, the value of 0 in the 
foreground area, and the value of greater than 0 and smaller than 1 in the mixed area. 

[0333] In the example shown in Fig. 56, the pixel value C06 of the seventh pixel from the left in frame #n can be 
indicated by equation (8) by using the pixel value P06 of the seventh pixel from the left in frame #n-1 . 

30 

C06 = B06 / v + B06 / v + F01 / v + F02 / v 

= • P06 / v + P06 / v + F01 / v + F02 / v (8) 

35 3 

= 2 / v • P06 + 2 Fi / v 

[0334] In equation (8), the pixel value C06 is indicated by a pixel value M of the pixel in the mixed area, while the 
40 pixel value P06 is indicated by a pixel value B of the pixel in the background area. That is, the pixel value M of the pixel 
in the mixed area and the pixel value B of the pixel in the background area can be represented by equations (9) and 
(10), respectively. 

45 M = C06 (9) 

B = P06 (10) 

50 [0335] In equation (8), 2/v corresponds to the mixture ratio a. Since the amount of movement v is 4, the mixture ratio 
a of the seventh pixel from the left in frame #n is 0.5. 

[0336] As discussed above, the pixel value C in the designated frame #n is considered as the pixel value in the mixed 
area, while the pixel value P of frame #n-1 prior to frame #n is considered as the pixel value in the background area. 
Accordingly, equation (3) indicating the mixture ratio a can be represented by equation (11): 

55 



C = a • P+f 



(11) 
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where f in equation (11) indicates the sum of the foreground components LjFi/v contained in the designated pixel. 
The variables contained in equation (11) are two factors, i.e., the mixture ratio a and the sum f of the foreground 
components. 

[0337] Similarly, a model obtained by expanding in the time direction the pixel values in which the amount of move- 
ment is 4 and the number of virtual divided portions is 4 in an uncovered background area is shown in Fig. 57. 
[0338] As in the representation of the covered background area, in the uncovered background area, the pixel value 
C of the designated frame #n is considered as the pixel value in the mixed area, while the pixel value N of frame #n+ 1 
subsequent to frame #n is considered as the background area. Accordingly, equation (3) indicating the mixture ratio 
a can be represented by equation (12). 



C = a • N+f 



(12) 



[0339] The embodiment has been described, assuming that the background object is stationary. However, equations 
(8) through (12) can be applied to the case in which the background object is moving by using the pixel value of a pixel 
located corresponding to the amount of movement v of the background. It is now assumed, for example, in Fig. 56 that 
the amount of movement v of the object corresponding to the background is 2, and the number of virtual divided portions 
is 2. In this case, when the object corresponding to the background is moving to the right in Fig. 49, the pixel value B 
of the pixel in the background area in equation (1 0) is represented by a pixel value P04. 

[0340] Since equations (11) and (12) each contain two variables, the mixture ratio a cannot be determined without 
modifying the equations. Since the spatial correlation in an image is generally strong, neighboring pixels are of sub- 
stantially the same pixel value. 

[0341 ] Since the spatial correlation of foreground components is strong, the equation is transformed so that the sum 
f of the foreground components can be obtained from the previous or subsequent frame and computes the mixture 
ratio a. . 

[0342] The pixel value Mc of the seventh pixel from the left in frame #n of Fig. 58 can be expressed by equation (13): 



Mc= ^r-B06 + ^tFilv 

V i-Jl 



(13) 



where 2/v of the first term of the right side of equation (13) corresponds to the mixture ratio a. The second term 
of the right side of equation (13) is expressed by equation (14) using a pixel value in the subsequent frame #n+1: 



i=JJ i=7 



(14) 



[0343] By utilizing the spatial correlation of the foreground components, equation (15) holds true: 

F=F05=F06=F07=F08=F09=F10=F11=F12 
[0344] Equation (14) can be replaced by equation (16) by utilizing equation (15): 



(15) 



12 



= /3-f >F 



(16) 



[0345] 



As a result, p can be expressed by equation (17): 
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B=2/4 (17) 

[0346] In general, as shown by equation (15). given that the foreground components related to the mixed area are 
5 equal, equation (18) holds true with respect to all pixels in the mixed area on the basis of the internal ratio relationship: 

0=1-a (18) 

10 [0347] If equation (18) holds true, equation (11) can be expanded as shown by equation (19): 

C = or-p+/ 

T+V— / 

20 

[0348] Similarly, if equation (18) holds true, equation (12) can be expanded as shown by equation (20): 

C = a-N+f 

25 J 

r*v-j 

= a-N+(l-a)-^Fi/v 
30 =a-N + (l-a)-p < 20 > 

[0349] In equations (19) and (20), C, N, and P are known values, and the mixed ratio a is the only variable included 
in equations (19) and (20). The relationship among C, N, and P in equations (19) and (20) is shown in Fig. 59. C is the 
pixel value of the designated pixel in frame #n, for which the mixture ratio a is to be computed. N is the pixel value of 

35 the pixel in frame #n+1, whose position in the spatial direction corresponds to that of the designated pixel. P is the 
pixel value of the pixel in frame #n-1 , whose position in the spatial direction corresponds to that of the designated pixel. 
[0350] Since one variable is included in each of equations (19) and (20), the mixture ratio a can be computed by 
utilizing the pixel values of the pixels in the three frames. The condition for computing the correct mixture ratio a by 
solving equations (19) and (20) is that the foreground components related to the mixed area are equal. In other words, 

40 jn a foreground image object of an image captured when a foreground object is stationary, consecutive pixels (the 
number of pixels is twice the amount of movement v) which correspond to a direction in which the foreground object 
is moving and which are located at the boundary of the image object have a constant pixel value. 
[0351] As discussed above, the mixture ratio a for a pixel belonging to the covered background area is computed 
by equation (21), and the mixture ratio a for a pixel belonging to the uncovered background area is computed by 

45 equation (22) : 



a=(C-N)/(P-N) (21) 



a=(C-P)/(N-P) (22) 

[0352] Fig. 60 is a block diagram illustrating the configuration of the estimated-mixture-ratio processor 401. A frame 
memory 421 stores an input image in units of frames and supplies one frame subsequent to a frame input as an input 
55 image to a frame memory 422 and a mixture-ratio calculator 423. 

[0353] The frame memory 422 stores the input image in units of frames and supplies one frame subsequent to the 
frame supplied from the frame memory 421 to the mixture-ratio calculator 423. 

[0354] When frame #n+1 is input as the input image to the mixture-ratio calculator 423, the frame memory 421 
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supplies frame #n to the mixture-ratio calculator 423, and the frame memory 422 supplies frame #i>1 to the mixture- 
ratio calculator 423. 

[0355] The mixture-ratio calculator 423 calculates equation (21) to compute an estimated mixture ratio for the des- 
ignated pixel on the basis of the pixel value C of the designated pixel in frame #n. the pixel value N of the pixel in frame 

5 #n+1. whose spatial position corresponds to that of the designated pixel, and the pixel value P of the pixel in frame 
#n-1. whose spatial position corresponds to that of the designated pixel, and outputs the computed estimated mixture 
ratio. For example, when the background is stationary, the mixture-ratio calculator 423 computes an estimated mixture 
ratio for the designated pixel on the basis of the pixel value C of the designated pixel in frame #n. the pixel value N of 
the pixel in frame #n+1, whose position in the frame is the same as that of the designated pixel, and the pixel value P 

10 of the pixel in frame #n-1, whose position in the frame is the same as that of the designated pixel, and outputs the 
computed estimated mixture ratio. 

[0356] In this manner, the estimated-mixture-ratio processor 401 is able to calculate the estimated mixture ratio 
based on the input image, and supplies it to the mixture-ratio determining portion 403. 

[0357] Since the estimated-mixture-ratio processor 402 is similar to the estimated-mixture-ratio processor 401 except 
15 for the fact that the estimated-mixture-ratio processor 401 calculates equation (21 ) to compute the estimated mixture 
ratio for the designated pixel whereas the estimated-mixture-ratio processor 402 calculates equation (22) to compute 
the estimated mixture ratio for the designated pixel, a description thereof is omitted. 

[0356] Fig. 61 illustrates an example of an estimated mixture ratio calculated by the estimated-mixture-ratio processor 
401 . The estimated mixture ratio shown in Fig. 61 indicates the result of a case, with respect to one line, in which the 

20 amount of movement v in the foreground corresponding to an object moving at a constant speed is 11. 
[0359] Fig. 55 shows that the estimated mixture ratio changes substantially linearly in the mixed area. 
[0360] Referring back to Fig. 54, the mixture-ratio determining portion 403 sets the mixture ratio a based on the area 
information supplied from the area specifying unit 103 and indicating to which of the foreground area, the background 
area, the covered background area, or the uncovered background area the pixel for which the mixture ratio a is to be 

25 calculated belongs. The mixture-ratio determining portion 403 sets the mixture ratio a to 0 when the corresponding 
pixel belongs to the foreground area, and sets the mixture ratio a to 1 when the corresponding pixel belongs to the 
background area. When the corresponding pixel belongs to the covered background area, the mixture-ratio determining 
portion 403 sets the estimated mixture ratio supplied from the estimated-mixture-ratio processor 401 as the mixture 
ratio a. When the corresponding pixel belongs to the uncovered background area, the mixture-ratio determining portion 

30 403 sets the estimated mixture ratio supplied from the estimated-mixture-ratio processor 402 as the mixture ratio a. 
The mixture-ratio determining portion 403 outputs the mixture ratio a which has been set based on the area information. 
[0361] Fig. 62 is a block diagram illustrating another configuration of the mixture-ratio calculator 1 04. A selector 441 
supplies a pixel belonging to the covered background area and the corresponding pixels in the previous frame and the 
subsequent frame to an estimated-mixture-ratio processor 442 based on the area information supplied from the area 

35 specifying unit 1 03. The selector 44 1 supplies a pixel belonging to the uncovered background area and the correspond- 
ing pixels in the previous frame and the subsequent frame to an estimated-mixture-ratio processor 443 based on the 
area information supplied from the area specifying unit 103. 

[0362] The estimated-mixture-ratio processor 442 calculates equation (21) based on the pixel values input from the 
selector 441 to compute an estimated mixture ratio for the designated pixel, which belongs to the covered background 
40 area, and supplies the computed estimated mixture ratio to a selector 444. 

[0363] The estimated-mixture-ratio processor 443 calculates equation (22) based on the pixel values input from the 
selector 441 to compute an estimated mixture ratio for the designated pixel, which belongs to the uncovered background 
area, and supplies the calculated estimated mixture ratio to the selector 444. 

[0364] Based on the area information supplied from the area specifying unit 103, the selector 444 sets the mixture 
45 ratio a to 0 when the designated pixel belongs to the foreground area, and sets the mixture ratio a to 1 when the 
designated pixel belongs to the background area. When the designated pixel belongs to the covered background area, 
the selector 444 selects the estimated mixture ratio supplied from the estimated-mixture-ratio processor 442 and sets 
it as the mixture ratio a. When the designated pixel belongs to the uncovered background area , the selector 444 selects 
the estimated mixture ratio supplied from the estimated-mixture-ratio processor 443 and sets it as the mixture ratio a. 
50 The selector 444 then outputs the mixture ratio a which has been selected and set based on the area information. 

[0365] As discussed above, the mixture-ratio calculator 104 configured as shown in Fig. 62 is able to calculate the 
mixture ratio a for each pixel contained in the image, and outputs the calculated mixture ratio a. 
[0366] The calculation processing for the mixture ratio a performed by the mixture-ratio calculator 104 configured 
as shown in Fig. 54 is discussed below with reference to the flowchart of Fig. 63. In step S401, the mixture-ratio 
55 calculator 1 04 obtains area information supplied from the area specifying unit 103. In stepS402, the estimated-mixture- 
ratio processor 401 executes the processing for estimating the mixture ratio by using a model corresponding to a 
covered background area, and supplies the estimated mixture ratio to the mixture-ratio determining portion 403. Details 
of the processing for estimating the mixture ratio are discussed below with reference to the flowchart of Fig. 64. 
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[0367] In step S403, the estimated-mixture-ratio processor 402 executes the processing for estimating the mixture 
ratio by using a model corresponding to an uncovered background area, and supplies the estimated mixture ratio to 
the mixture-ratio determining portion 403. 

[0368] In step S404, the mixture-ratio calculator 104 determines whether the mixture ratios have been estimated for 
5 the whole frame. If it is determined that the mixture ratios have not yet been estimated for the whole frame, the process 
returns to step S402, and the processing for estimating the mixture ratio for the subsequent pixel is executed. 
[0369] If it is determined in step S404 that the mixture ratios have been estimated for the whole frame, the process 
proceeds to step S405. In step S405, the mixture-ratio determining portion 403 sets the mixture ratio based on the 
area information supplied from the area specifying unit 103 and indicating to which of the foreground area, the back- 
10 ground area, the covered background area, or the uncovered background area the pixel for which the mixture ratio a 
is to be calculated belongs. The mixture-ratio determining portion 403 sets the mixture ratio a to 0 when the corre- 
sponding pixel belongs to the foreground area, and sets the mixture ratio a to 1 when the corresponding pixel belongs 
to the background area. When the corresponding pixel belongs to the covered background area, the mixture-ratio 
determining portion 403 sets the estimated mixture ratio supplied from the estimated-mixture-ratio processor 401 as 
15 the mixture ratio a. When the corresponding pixel belongs to the uncovered background area, the mixture-ratio deter- 
mining portion 403 sets the estimated mixture ratio supplied from the estimated-mixture-ratio processor 402 as the 
mixture ratio ol The processing is then completed. 

[0370] As discussed above, the mixture-ratio calculator 104 is able to calculate the mixture ratio a, which indicates 
a feature quantity corresponding to each pixel, based on the area information supplied from the area specifying unit 
20 103, and the input image. 

[0371] The processing for calculating the mixture ratio a performed by the mixture-ratio calculator 104 configured 
as shown in Fig. 62 is similar to that discussed with reference to the flowchart of Fig. 63, and an explanation thereof 
is thus omitted. 

[0372] A description is now given, with reference to the flowchart of Fig. 64, of the mixture-ratio estimating processing 
25 by using a model of the covered background area in step S402 of Fig. 63. 

[0373] In step S421. the mixture-ratio calculator 423 obtains the pixel value C of the designated pixel in frame #n 
from the frame memory 421 . 

[0374] In step S422, the mixture-ratio calculator 423 obtains the pixel value P of the pixel in frame #n-1 t which 
corresponds to the designated pixel, from the frame memory 422. 
30 [0375] In step S423, the mixture-ratio calculator 423 obtains the. pixel value N of the pixel in frame #n+1, which 
corresponds to the designated pixel included in the input image. 

[0376] In step S424, the mixture-ratio calculator 423 calculates an estimated mixture ratio based on the pixel value 
C of the designated pixel in frame #n, the pixel value P of the pixel in frame #n-1 , and the pixel value N of the pixel in 
frame #n+1. 

35 [0377] In step S425, the mixture-ratio calculator 423 determines whether the processing for calculating estimated 
mixture ratios in the entire frame is completed. If it is determined that the processing for calculating estimated mixture 
ratios in the entire frame is not completed, the process returns to step S421 and repeats the processing for calculating 
an estimated mixture ratio for the subsequent pixel. 

[0378] If it is determined in step S425 that the processing for calculating estimated mixture ratios in the entire frame 
40 is completed, the processing is terminated. 

[0379] As discussed above, the estimated-mixture-ratio processor 401 is able to calculate the estimated mixture 
ratio based on the input image. 

[0380] The mixture- ratio estimating processing by using a model corresponding to the uncovered background area 
in step S403 of Fig. 63 is similar to the processing indicated by the flowchart of Fig. 64 by using the equations corre- 
45 sponding to a model of the uncovered background area, and an explanation thereof is thus omitted. 

[0381] Since the estimated-mixture-ratio processor 442 and the estimated-mixture-ratio processor 443 shown in Fig. 
62 perform the processing similar to that shown by the flowchart of Fig. 64 to calculate estimated mixture ratios, de- 
scriptions thereof are omitted. 

[0382] The embodiment has been described, assuming that the object corresponding to the background is stationary. 

50 However, the above -described processing for calculating the mixture-ratio a can be applied even if the image corre- 
sponding to the background area contains motion. For example, if the image corresponding to the background area 
is uniformly moving, the estimated-mixture-ratio processor 401 shifts the overall image in accordance with the back- 
ground motion, and performs processing in a manner similar to the case in which the object corresponding to the 
background is stationary. If the image corresponding to the background area contains locally different background 

55 motions, the estimated-mixture-ratio processor 401 selects the pixels corresponding to the background motions as the 
pixels belonging to the mixed area, and executes the above-described processing. 

[0383] The mixture-ratio calculator 104 may execute the mixture-ratio estimating processing on all the pixels only 
by using a model corresponding to the covered background area, and outputs the calculated estimated mixture ratio 
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as the mixture ratio a. In this case, the mixture ratio a indicates the ratio of the background components for the pixels 
belonging to the covered background area, and indicates the ratio of the foreground components for the pixels belonging 
to the uncovered background area. Concerning the pixels belonging to the uncovered background area, the absolute 
value of the difference between the calculated mixture ratio a and 1 is determined, and the calculated absolute value 
5 is set as the mixture ratio a. Then, the separating portion 91 is able to determine the mixture ratio a indicating the ratio 
of the background components for the pixels belonging to the uncovered background area. 

[0384] Similarly, the mixture-ratio processor 1 04 may execute the mixture-ratio estimating processing on all the pixels 
only by using a model corresponding to the uncovered background area, and outputs the calculated estimated mixture 
ratio as the mixture ratio a. 

10 [0385] The mixture-ratio calculator 104 for calculating the mixture ratio a using the characteristic that the mixture 
ratio a changes linearly will now be described. 

[0386] As described above, since equations (11) and (12) each contain two variables, the mixture ratio a cannot be 
determined without modifying the equations. 

[0387] The mixture ratio a linearly changes in accordance with a change in the position of the pixels because the 
15 object corresponding to the foreground is moving with constant velocity. By utilizing this characteristic, an equation in 

which the mixture ratio a and the sum f of the foreground components are approximated in the spatial direction can 
. hold true. By utilizing a plurality of sets of the pixel values of the pixels belonging to the mixed area and the pixel values 

of the pixels belonging to the background area, the equation in which the mixture ratio a and the sum f of the foreground 

components are approximated is solved. 
20 [0388] When a change in the mixture ratio a is approximated as a straight line, the mixture ratio a can be expressed 

by equation (23). 



[0389] In equation (23), i indicates the spatial index when the position of the designated pixel is set to 0, 1 designates 
the gradient of the straight line of the mixture ratio a, and p designates the intercept of the straight line of the mixture 
ratio a and also indicates the mixture ratio a of the designated pixel. In equation (23), the index i is known, and the 
gradient 1 and the intercept p are unknown. 
30 [0390] The relationship among the index i, the gradient 1 , and the intercept p is shown in Fig. 65. In Fig. 65. the white 
dot indicates the designated pixel, and the black dots indicate neighboring pixels. 

[0391] By approximating the mixture ratio a as equation (23). a plurality of different mixture ratios a for a plurality of 
pixels can be expressed by two variables. In the example shown in Fig. 65. the five mixture ratios for five pixels are 
expressed by the two variables, i.e., the gradient 1 and the intercept p. 
35 [0392] When the mixture ratio a is approximated in the plane shown in Fig. 66, equation (23) is expanded into the 
plane by considering the movement v corresponding to the two directions, i.e., the horizontal direction and the vertical 
direction of the image, and the mixture ratio a can be expressed by equation (24). In Fig. 66, the white dot indicates 
the designated pixel. 



[0393] In equation (24), j is the index in the horizontal direction, and k is the index in the vertical direction when the 
position of the designated pixel is 0. In equation (24), m designates the horizontal gradient of the mixture ratio a in the 
45 plane, and q indicates the vertical gradient of the mixture ratio a in the plane. In equation (24), p indicates the intercept 
of the mixture ratio a in the plane. 

[0394] For example, in frame #n shown in Fig. 56, equations (25) through (27) can hold true for COS through CO 7, 
respectively. 



a = il+p 



(23) 



40 



a = jm+kq+p 



(24) 



50 



C05 = a05-B05/v+f05 



(25) 



C06 = a06-B06/v+f06 



(26) 



55 



C07. = a07-B07/v+f07 



(27) 
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[0395] Assuming that the foreground components positioned in close proximity with each other are equal to each 
other, i.e., that F01 through F03 are equal, equation (28) holds true by replacing F01 through F03 by fc. 

f(x) = (1-a(x)).Fc <28) 

[0396] In equation (28), x indicates the position in the spatial direction. 

[0397] When a(x) is replaced by equation (24), equation (28) can be expressed by equation (29). 

f(x) = (l-(jm+kq+p> )»Fc 

= j»(-m«Fc>+k»(-q»Fc) + { (l-p)»Fc) 

- js+kt+u (29) 

[0398] In equation (29), (-m»Fc), (-q-Fc), and (1-p)-Fc are replaced, as expressed by equations (30) through (32). 
respectively. 

s = -nvFc (30) 
t = -q-Fc (31) 

u = (1-p)-Fc (32) 

[0399] In equation (29), j is the index in the horizontal direction, and k is the index in the vertical direction when the 
position of the designated pixel is 0. 

[0400] As discussed above, since it can be assumed that the object corresponding to the foreground is moving with 
constant velocity within the shutter period, and that the foreground components positioned in close proximity with each 
other are uniform, the sum of the foreground components can be approximated by equation (29). 
[0401] When the mixture ratio a is approximated by a straight line, the sum of the foreground components can be 
expressed by equation (33). 

f(x) = is+u (33) 

[0402] By replacing the mixture ratio a and the sum of the foreground components in equation ( 1 3) by using equations 
(24) and (29), the pixel value M can be expressed by equation (34). 

M = (jm+kq+p) »B+ js+kt+u 

= jB«m+kB«q+B»p+j»s+k»t+u (34) 

[0403] In equation (34), unknown variables are six factors, such as the horizontal gradient m of the mixture ratio a 
in the plane, the vertical gradient q of the mixture ratio a in the plane, and the intercepts of the mixture ratio a in the 
plane, p, s, t, and u. 

[0404] According to the pixels in close proximity with the designated pixel, the pixel value M or the pixel value B is 
set in the normal equation shown by equation (34). Then, a plurality of normal equations in which the pixel value M or 
the pixel value B is set are solved by the method of least squares, thereby calculating the mixture ratio a. 
[0405] For example, the horizontal index j of the designated pixel is set to 0. and the vertical index k is set to 0. Then, 
the pixel value M or the pixel value B is set in the normal equation shown by equation (34) for 3x3 pixels located close 
to the designated pixel, thereby obtaining equations (35) through (43). 
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M. li . 1 =(-1)-B. v1 -m+(-1)-B. ld . 1 -q+B. li . 1 -P*(-1)*8+(-1)-Hu (35) 

5 M 0 .-1 =(°) B 0.-1 m+ <- 1 ) B o,-i q + B 0 ..i P+(0)*s+(-1 ) t+u (36) 

M +v1 =<+1) B +v1 m+(-1) B +v1 q+B +v1 p+(+1)-s+(-1) t+u (37) 

w 

M. 10 =(-1)B. 1<0 m+(0)-B. 10 q+B. 10 p+(-1)s+(0)-t+u (38) 

M 0 0 =(0) B 0O m+(0) B oo q+B oo p+(0)-s+(0) t+u (39) 

15 

M + i,o s ( +1 )- B + i,o ,m+ (°)' B + i,o- t l +B *i.oP + ( +1 )' s+ ( 0 )' ,+u < 40 > 

20 M i +i=( . 1) . B i +i . m+{+l) . B i +i . q+B i +i . p+( . 1) . s+(+1) . t+u (41) 

M o+1 =(O)B 0+1 m+(+1)B 01+r q+B 0+1 p+(0)-S+(+1)t+U (42) 

25 

M +1+1 =(+1)B +1+1 m+(+1)B +1+1 -q+B+ 1+1 p+(+1)s+(+1)-t+U (43) 

[0406] Since the horizontal index j of the designated pixel is 0, and the vertical index k of the designated pixel is 0, 
30 the mixture ratio a of the designated pixel is equal to the value when j is 0 and k is 0 in equation (24), i.e.. the mixture 
ratio a is equal to the intercept p in equation (24). 

[0407] Accordingly, based on nine equations (35) through (43), the horizontal gradient m, the vertical gradient q, and 
the intercepts p, s, t, and u are calculated by the method of least squares, and the intercept p is output as the mixture 
ratio a. 

35 [0408] A specific process for calculating the mixture ratio a by applying the method of least squares is as follows. 
[0409] When the index i and the index k are expressed by a single index x, the relationship among the index i, the 
index k, and the index x can be expressed by equation (44). 



x = (j+1)-3+(k+1) (44) 

40 

[0410] It is now assumed that the horizontal gradient m, the vertical gradient q, and the intercepts p, s, t, and u are 
expressed by variables wO, w1, w2. w3, w4, and W5, respectively, and jB, kB, B, j. k and 1 are expressed by aO. a1, 
a2, a3, a4, and a5, respectively. In consideration of the error ex, equations (35) through (43) can be modified into 
45 equation (45). 



[0411] In equation (45), x is any one of the integers from 0 to 28. 
[0412] Equation (46) can be found from equation (45). 



Mx - £ ay - wy (4 6) 

y.-o 
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[041 3J Since the method of least squares is applied, the square sum E of the error is defined as follows, as expressed 
by equation (47). 



(47) 



[0414] In order to minimize the error, the partial differential value of the variable Wv with respect to the square sum 
10 E of the error should be 0. v is any one of the integers from 0 to 5. Thus, wy is determined so that equation (48) is satisfied. 




(48) 



20 [0415] By substituting equation (46) into equation (48). equation (49) is obtained. 



2 < av * 2 a y • w y> = 2 av • Mx 



(49) 



[041 6] For example, the sweep-out method (Gauss-Jordan elimination) is applied to six equations obtained by sub- 
stituting one of the integers from 0 to 5 into v in equation (49), thereby obtaining wy. As stated above, wO is the horizontal 
gradient m, w1 is the vertical gradient q, w2 is the intercept p, w3 is s, w4 is t, and w5 is u. 

[0417] As discussed above, by applying the method of least squares to the equations in which the pixel value M and 
the pixel value B are set, the horizontal gradient m, the vertical gradient q, and the intercepts p, s, t, and u can be 
determined. 

[0418] A description has been given with reference to equations (35) through (43), by assuming that the pixel value 
of the pixel contained in the mixed area is M, and the pixel value of the pixel contained in the background area is B. 
In this case, it is necessary to set normal equations for each of the cases where the designated pixel is contained in 
the covered background area, or the designated pixel is contained in the uncovered background area. 
[0419] For example, when the mixture ratio a of the pixel contained in the covered background area in frame #n 
shown in Fig. 56 is determined. C04 through COS of the pixels in frame #n and the pixel values P04 through P08 of 
the pixels in frame #n-1 are set in the normal equations. 

[0420] For determining the mixture ratio a of the pixel contained in the uncovered background area in frame #n 
shown in Fig. 57, the pixels C28 through C32 of frame #n and the pixel values N28 through N32 of the pixels in frame 
#n+1 are set in the normal equations. 

[0421] Moreover, if, for example, the mixture ratio a of the pixel contained in the covered background area shown 
in Fig. 67 is calculated, the following equations (50) through (58) are set. The pixel value of the pixel for which the 
mixture ratio a is calculated is Mc5. In Fig. 67, the white dots indicate pixels to belong to the background, and the black 
dots indicate pixels to belong to the mixed area. 



Mc1 = (-1)-Bc1-m+(-1)-Bc1-q+Bc1-p+(-1)-s+(-1)-t+u 
Mc2 = (0)*Bc2«m+(-1)'Bc2>q+Bc2'p+(Q>s+(-1)'t+u 



(50) 
(51) 



Mc3 = <+1)-Bc3-m+(-1)-Bc3-q+Bc3-p+(+1)-s+(-1)«t+u 
Mc4 = (-1)»Bc4»m+(0)«Bc4*q+Bc4*p+(-1)-s+(0)»t+u 



(52) 
(53) 
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Mc5 = (0)'Bc5«m+(0)-Bc5-q+Bc5-p+(0)-s+(0)»t+u (54) 

Mc6 = (+1)»Bc6-m+(0)'Bc6-q+Bc6-p+(+1)'S+(0)-t+u (55) 

Mc7 = (-1)-Bc7'm+(+1)'Bc7-q+Bc7»p+(-1)'S+(+1H+u (56) 

Mc8 = (0)-Bc8»m+(+1)'Bc8*q+Bc8*p+(0)-s+(+1)-t+u (57) 

Mc9 = (+1)-Bc9-m+(+1)-Bc9-q+Bc9-p+(+1)-s+(+1)*t+u (58) 

[0422] When calculating the mixture ratio a of the pixel contained in the covered background area in frame #n, the 
pixel values Be 1 through Bc9 of the pixels in the background area in frame #n-1 corresponding to the pixels in frame 
#n are used in equations (50) through (58). 

[0423] When, for example, the mixture ratio a of the pixel contained in the uncovered background area shown in 
Fig. 67 is calculated, the following equations (59) through (67) are set. The pixel value of the pixel for which the mixture 
ratio a is calculated is Mu5. 

Mu1 = (-1)-Bu1»m+(-1)«Bu1«q+BuVp+(-1)-s+(-1H+u (59) 
Mu2 = (0>Bu2*m+(-1)*Bu2«q+Bu2*p+(0)-s+(-1)-t+u (60) 
Mu3 = (+1)'Bu3»m+(-1)«Bu3'q+Bu3-p+(+1)'S+(-1)-t+u (61) 
Mu4 = (-1)-Bu4«m+(0)'Bu4«q+Bu4»p+(-1)-s+(0)-t+u (62) 
Mu5 = (0)«Bu5'm+(0)*Bu5*q+Bu5'p+(0)'S+(0)-t+u (63) 
Mu6 = (+1)-Bu6-m+(0)-Bu6-q+Bu6«p+(+1)-s+(0)*t+u (64) 
Mu7 = (-1)-Bu7»m+(+1)«Bu7-q+Bu7-p+(-1)»s+(+1)-t+u (65) 
Mu8 = (0)»Bu8-m+(+1)-Bu8-q+Bu8-p+(0)»s+(+1W+u (66) 

Mu9 = (+1)-Bu9-m+(+1)-Bu9-q+Bu9-p+(+1)'S+(+1)'t+u (67) 

[0424] When calculating the mixture ratio a of the pixel contained in the uncovered background area in frame #n, 
the pixel values Bu1 through Bu9 of the pixels of the background area in frame #n+1 corresponding to the pixels of 
frame #n are used in equations (59) through (67). 

[0425] Fig. 68 is a block diagram illustrating the configuration of the estimated-mixture-ratio processor 401 . An image 
input into the estimated-mixture-ratio processor 401 is supplied to a delay circuit 501 and an adder 502. 
[0426] The delay circuit 501 delays the input image for one frame, and supplies the image to the adder 502. When 
frame #n is supplied as the input image to the adder 502. the delay circuit 501 supplies frame #n-1 to the adder 502. 
[0427] The adder 502 sets the pixel value of the pixel adjacent to the pixel for which the mixture ratio a is calculated, 
and the pixel value of frame #n-1 in the norma! equation. For example, the adder 502 sets the pixel values Mc1 through 
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Mc9 and the pixel values Bc1 through Bc9 in the normal equations based on equations (50) through (58), respectively. 
The adder 502 supplies the normal equations in which the pixel values are set to a calculator 503. 
[0428] Using the sweep-out method or the like, the calculator 503 determines the estimated mixture ratio by solving 
the normal equations supplied from the adder 502, and outputs the determined estimated mixture ratio. 
5 [0429] In this manner, the estimated-mixture- ratio processor 401 is able to calculate the estimated mixture ratio 
based on the input image, and supplies it to the mixture-ratio determining portion 403. 

[0430] The estimated-mixture-ratio processor 402 is configured similar to the estimated-mixtu re-ratio processor 401 , 
and an explanation thereof is thus omitted. 

[0431] Fig. 69 illustrates an example of an estimated mixture ratio calculated by the estimated-mixture-ratio processor 
10 401 . The estimated mixture ratio shown in Fig. 69 indicates the calculation result, with respect to one line, obtained by 
generating and calculating an equation in units of 7 x 7-pixel blocks in which the amount of motion v in the foreground 
corresponding to an object moving at a constant speed is 11. 

[0432] Fig. 68 shows that the estimated mixture ratio changes substantially linearly in the mixed area. 
[0433] A description is now given, with reference to the flowchart of Fig. 70. of the mixture-ratio estimating processing 
is by the estimated-mixture-ratio processor 401 having the configuration shown in Fig. 68 by using a model of the covered 
background area. 

[0434] In step S521, the adder 502 sets the pixel value contained in the input image and the pixel value contained 
in the image supplied from the delay circuit 501 in a normal equation corresponding to a model of the covered back- 
ground area. 

20 [0435] In step S522. the estimated-mixture-ratio processor 401 determines whether the setting of the designated 
pixels is finished. If it is determined that the setting of the designated pixels is not finished, the process returns to step 
S521, and the processing for setting the pixel values in the normal equation is repeated. 

[0436] If it is determined in step S522 that the setting for the designated pixels is finished, the process proceeds to 
step S523. In step S523, a calculator 173 calculates the estimated mixture ratio based on the normal equations in 
25 which the pixels values are set, and outputs the calculated mixture ratio. 

[0437] As discussed above, the estimated-mixture-ratio processor 401 having the configuration shown in Fig. 68 is 
able to calculate the estimated mixture ratio based on the input image. 

[0438] The mixture-ratio estimating processing by using a model corresponding to the uncovered background area 
is similar to the processing indicated by the flowchart of Fig. 70 by using the normal equations corresponding to a 

30 mode! of the uncovered background area, and an explanation thereof is thus omitted. 

[0439] The embodiment has been described, assuming that the object corresponding to the background is stationary. 
However, the above-described mixture-ratio calculation processing can be applied even if the image corresponding to 
the background area contains motion. For example, if the image corresponding to the background area is uniformly 
moving, the estimated-mixture-ratio processor 401 shifts the overall image in accordance with this motion, and performs 

35 processing in a manner similar to the case in which the object corresponding to the background is stationary. If the 
image corresponding to the background area contains locally different motions, the estimated-mixture-ratio processor 
401 selects the pixels corresponding to the motions as the pixels belonging to the mixed area, and executes the above- 
described processing. 

[0440] As described above, the mixture-ratio calculator 102 is able to calculate the mixture ratio a, which is a feature 
to quantity corresponding to each pixel, based on the input image and the area information supplied to the area specifying 
unit 101. 

[0441] By utilizing the mixture ratio a. it is possible to separate the foreground components and the background 
components contained in the pixel values while maintaining the information of motion blur contained in the image 
corresponding to the moving object. 

45 [0442] By combining the images based on the mixture ratio a, it is also possible to create an image which contains 
correct motion blur that coincides with the speed of a moving object and which faithfully reflects the real world. 
[0443] The foreground/background separator 105 is discussed below. Fig. 71 is a block diagram illustrating an ex- 
ample of the configuration of the foreground/background separator 1 05. The input image supplied to the foreground/ 
background separator 105 is supplied to a separating portion 601, a switch 602, and a switch 604. The area information 

50 supplied from the area specifying unit 103 and indicating the information of the covered background area and the 
uncovered background area is supplied to the separating portion 601 . The area information indicating the foreground 
area is supplied to the switch 602. The area information indicating the background area supplied to the switch 604. 
[0444] The mixture ratio a supplied from the mixture-ratio calculator 104 is supplied to the separating portion 601. 
[0445] The separating portion 601 separates the foreground components from the input image based on the area 

55 information indicating the covered background area, the area information indicating the uncovered background area, 
and the mixture ratio a, and supplies the separated foreground components to a synthesizer 603. The separating 
portion 601 also separates the background components from the input image, and supplies the separated background 
. components to a synthesizer 605. 
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[0446] The switch 602 is closed when a pixel corresponding to the foreground is input based on the area information 
indicating the foreground area, and supplies only the pixels corresponding to the foreground contained in the input 
image to the synthesizer 603. 

[0447] The switch 604 is closed when a pixel corresponding to the background is input based on the area inform ation 
indicating the background area, and supplies only the pixels corresponding to the background contained in the input 
image to the synthesizer 605. 

[0448] The synthesizer 603 synthesizes a foreground component image based on the foreground components sup- 
plied from the separating portion 601 and the pixels corresponding to the foreground supplied from the switcri 602, 
and outputs the synthesized foreground component image. Since the foreground area and the mixed area do not 
overlap, the synthesizer 603 applies, for example, logical OR to the foreground components and the foreground pixels, 
thereby synthesizing the foreground component image. 

[0449] In the initializing processing executed at the start of the synthesizing processing for the foreground component 
image, the synthesizer 603 stores an image whose pixel values are all 0 in a built-in frame memory. Then, in the 
synthesizing processing for the foreground component image, the synthesizer 603 stores the foreground component 
image (overwrites the previous image by the foreground component image). Accordingly, 0 is stored in the pixels 
corresponding to the background area in the foreground component image output from the synthesizer 603. 
[0450] The synthesizer 605 synthesizes a background component image based on the background components 
supplied from the separating portion 601 and the pixels corresponding to the background supplied from the switcri 604, 
and outputs the synthesized background component image. Since the background area and the mixed area do not 
overlap, the synthesizer 605 applies, for example, logical OR to the background components and the background 
pixels, thereby synthesizing the background component image. 

[0451] In the initializing processing executed at the start of the synthesizing processing for the background compo- 
nent image, the synthesizer 605 stores an image whose pixel values are all 0 in a built-in frame memory. Then, in the 
synthesizing processing for the background component image, the synthesizer 605 stores the background component 
image (overwrites the previous image by the background component image). Accordingly, 0 is stored in the pixels 
corresponding to the foreground area in the background component image output from the synthesizer 605. 
[0452] Figs. 72A and 72 B illustrate the input image input into the foreground/background separator 105 and the 
foreground component image and the background component image output from the foreground/background separator 
105. 

[0453] Fig. 72A is a schematic diagram illustrating the image to be displayed, and Fig. 72B is a model obtained by 
expanding in the time direction the pixels disposed in one line including the pixels belonging to the foreground area, 
the pixels belonging to the background area, and the pixels belonging to the mixed area corresponding to Fig. 7 2 A. 
[0454] As shown in Figs. 72A and 7 2 B, the background component image output from the foreground/background 
separator 105 consists of the pixels belonging to the background area and the background components contained in 
the pixels of the mixed area. 

[0455] As shown in Figs. 72A and 72B, the foreground component image output from the foreground/background 
separator 105 consists of the pixel belonging to the foreground area and the foreground components contained in the 
pixels of the mixed area. 

[0456] The pixel values of the pixels in the mixed area are separated into the background components and the 
foreground components by the foreground/background separator 105. The separated background components form 
the background component image together with the pixels belonging to the background area. The separated foreground 
components form the foreground component image together with the pixels belonging to the foreground area. 
[0457] As discussed above, in the foreground component image, the pixel values of the pixels corresponding to the 
background area are set to 0, and significant pixel values are set in the pixels corresponding to the foreground area 
and the pixels corresponding to the mixed area. Similarly, in the background component image, the pixel values of the 
pixels corresponding to the foreground area are set to 0, and significant pixel values are set in the pixels corresponding 
to the background area and the pixels corresponding to the mixed area. 

[0458] A description is given below of the processing executed by the separating portion 601 for separating the 
foreground components and the background components from the pixels belonging to the mixed area. 
[0459] Fig. 73 illustrates a model of an image indicating foreground components and background components i n two 
frames including a foreground object moving from the left to the right in Fig. 73. In the model of the image shown in 
Fig. 73, the amount of movement v is 4, and the number of virtual divided portions is 4. 

[0460] In frame #n, the leftmost pixel and the fourteenth through eighteenth pixels from the left consist of only the 
background components and belong to tine background area. In frame #n, the second through fourth pixels from the 
left contain the background components and the foreground components, and belong to the uncovered background 
area. In frame #n, the eleventh through thirteenth pixels from the left contain background components and foreground 
components, and belong to the covered background area. In frame #n, the fifth through tenth pixels from the left consist 
of only the foreground components, and belong to the foreground area. 
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[0461] In frame #n+1, the first through fifth pixels from the left and the eighteenth pixel from the left consist of only 
the background components, and belong to the background area. In frame #n+1 , the sixth through eighth pixels from 
the left contain background components and foreground components, and belong to the uncovered background area. 
In frame #n+1, the fifteenth through seventeenth pixels from the left contain background components and foreground 
components, and belong to the covered background area. In frame #n+1, the ninth through fourteenth pixels from the 
left consist of only the foreground components, and belong to the foreground area. 

[0462] Fig. 74 illustrates the processing for separating the foreground components from the pixels belonging to the 
covered background area. In Fig. 74, ct1 through a18 indicate mixture ratios of the individual pixels of frame #n. In Fig. 
74. the fifteenth through seventeenth pixels from the left belong to the covered background area. 
[0463] The pixel value C1 5 of the fifteenth pixel from the left in frame #n can be expressed by equation (68): 

CIS = Bl5/v+F09/v+F08/v+F07/v 

= al5»B15+F09/v+F08/v+F07/v 

= al5»P15+F09/v+F08/v+F07/v (68) 

where a15 indicates the mixture ratio of the fifteenth pixel from the left in frame #n, and P15 designates the pixel 
value of the fifteenth pixel from the left in frame #n-1. 

[0464] The sum f 1 5 of the foreground components of the fifteenth pixel from the left in frame #n can be expressed 
by equation (69) based on equation (68). 

fl5 = F09/v+F08/v+F07/v 

= C15-al5»P15 (69) 

[0465] Similarly, the sum f16 of the foreground components of the sixteenth pixel from the left in frame #n can be 
expressed by equation (70), and the sum f17 of the foreground components of the seventeenth pixel from the left in 
frame #n can be expressed by equation (71). 

f16 = C16-a16-P16 (70) 

f17 - C17-a17-P17 (71) 

[0466] In this manner, the foreground components fc contained in the pixel value C of the pixel belonging to the 
covered background area can be expressed by equation (72): 

fc = C-a»P (72) 

where P designates the pixel value of the corresponding pixel in the previous frame. 
[0467] Fig. 75 illustrates the processing for separating the foreground components from the pixels belonging to the 
uncovered background area. In Fig. 75, a1 through a18 indicate mixture ratios of the individual pixels of frame #n. In 
Fig. 75, the second through fourth pixels from the left belong to the uncovered background area. 
[0468] The pixel value C02 of the second pixel from the left in frame #n can be expressed by equation (73): 
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C02 = B02/v+B02/v+B02/v+F01/v 
= a2»B02+F01/v 

5 

= a2«N02+F01/v (73) 

where a2 indicates the mixture ratio of the second pixel from the left in frame #n, and N02 designates the pixel 
10 value of the second pixel from the left in frame #n+ 1 . 

[0469] The sum f02 of the foreground components of the second pixel from the left in frame #n can be expressed 
by equation (74) based on equation (73). 



f02 = FOl/v 

= C02-Ct2»N02 (74) 

20 [0470] Similarly, the sum f03 of the foreground components of the third pixel from the left in frame #n can be expressed 
by equation (75), and the sum f04 of the foreground components of the fourth pixel from the left in frame #n can be 
expressed by equation (76). 

25 f03 = C03-ct3-N03 (75) 

f04 * C04-a4-N04 (76) 

30 [0471] In this manner, the foreground components fu contained in the pixel value C of the pixel belonging to the 
uncovered background area can be expressed by equation (77): 



fu = C-<x*N (77) 

35 

where N designates the pixel value of the corresponding pixel in the subsequent frame. 
[0472] As discussed above, the separating portion 601 is able to separate the foreground components from the pixels 
belonging to the mixed area and the background components from the pixels belonging to the mixed area based on 
the information indicating the covered background area and the information indicating the uncovered background area 

40 contained in the area information, and the mixture ratio a for each pixel. 

[0473] Fig. 76 is a block diagram illustrating an example of the configuration of the separating portion 601 for exe- 
cuting the above-described processing. An image input into the separating portion 601 is supplied to a frame memory 
621, and the area information indicating the covered background area and the uncovered background area supplied 
from the mixture-ratio calculator 104 and the mixture ratio a are supplied to a separation processing block 622. 

45 [0474] The frame memory 621 stores the input images in units of frames. When a frame to be processed is frame 
#n, the frame memory 621 stores frame #n-1, which is the frame one frame before frame #n, frame #n, and frame 
#n+ 1 , which is the frame one frame after frame #n. 

[0475] The frame memory 621 supplies the corresponding pixels in frame #n-1, frame #n, and frame #n+1 to the 

separation processing block 622. 
50 [0476] The separation processing block 622 applies the calculations discussed with reference to Figs. 74 and 75 to 

the pixel values of the corresponding pixels in frame #n-1 , frame #n, and frame #n+1 supplied from the frame memory 

621 based on the area information indicating the covered background area and the uncovered background area and 

the mixture ratio a so as to separate the foreground components and the background components from the pixels 

belonging to the mixed area in frame #n, and supplies them to a frame memory 623. 
55 [0477] The separation processing block 622 is formed of an uncovered area processor 631 , a covered area processor 

632, a synthesizer 633, and a synthesizer 634. 

[0478] A multiplier 641 of the uncovered area processor 631 multiplies the pixel value of the pixel in frame #n+1 
supplied from the frame memory 621 by the mixture ratio a, and outputs the resulting pixel value to a switch 642. The 
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switch 642 is dosed when the pixel of frame #n (corresponding to the pixel in frame #n+1) supplied from the frame 
memory 621 belongs to the uncovered background area, and supplies the pixel value multiplied by the mixture ratio 
a supplied from the multiplier 641 to a calculator 643 and the synthesizer 634. The value obtained by multiplying the 
pixel value of the pixel in frame #n+1 by the mixture ratio a output from the switch 642 is equivalent to the background 
5 components of the pixel value of the corresponding pixel in frame #n. 

[0479J The calculator 643 subtracts the background components supplied from the switch 642 from the pixel value 
of the pixel in frame #n supplied from the frame memory 621 so as to obtain the foreground components. The calculator 
643 supplies the foreground components of the pixel in frame #n belonging to the uncovered background area to the 
synthesizer 633. 

10 [0480] A multiplier 651 of the covered area processor 632 multiplies the pixel value of the pixel in frame #n-1 supplied 
from the frame memory 621 by the mixture ratio a, and outputs the resulting pixel value to a switch 652. The switch 

652 is closed when the pixel of frame #n (corresponding to the pixel in frame #n-1) supplied from the frame memory 
621 belongs to the covered background area, and supplies the pixel value multiplied by the mixture ratio a supplied 
from the multiplier 651 to a calculator 653 and the synthesizer 634. The value obtained by multiplying the pixel value 

15 of the pixel in frame #n- 1 by the mixture ratio a output from the switch 652 is equivalent to the background components 
of the pixel value of the corresponding pixel in frame #n. 

[0481] The calculator 653 subtracts the background components supplied from the switch 652 from the pixel value 
of the pixel in frame #n supplied from the frame memory 621 so as to obtain the foreground components. The calculator 

653 supplies the foreground components of the pixel in frame #n belonging to the covered background area to the 
20 synthesizer 633. 

[0482] The synthesizer 633 combines the foreground components of the pixels belonging to the uncovered back- 
ground area and supplied from the calculator 643 with the foreground components of the pixels belonging to the covered 
background area and supplied from the calculator 653, and supplies the synthesized foreground components to the 
frame memory 623. 

25 [0483] The synthesizer 634 combines the background components of the pixels belonging to the uncovered back- 
ground area and supplied from the switch 642 with the background components of the pixels belonging to the covered 
background area and supplied from the switch 652, and supplies the synthesized background components to the frame 
memory 623. 

[0484] The frame memory 623 stores the foreground components and the background components of the pixels in 
30 the mixed area of frame #n supplied from the separation processing block 622. 

[0485] The frame memory 623 outputs the stored foreground components of the pixels in the mixed area in frame 
#n and the stored background components of the pixels in the mixed area in frame #n. 

[0486] By utilizing the mixture ratio a, which indicates the feature quantity, the foreground components and the back- 
ground components contained in the pixel values can be completely separated. 
35 [0487] The synthesizer 603 combines the foreground components of the pixels in the mixed area in frame #n output 
from the separating portion 601 with the pixels belonging to the foreground area so as to generate a foreground com- 
ponent image. The synthesizer 605 combines the background components of the pixels in the mixed area in frame #n 
output from the separating portion 601 with the pixels belonging to the background area so as to generate a background 
component image. 

40 [0488] Figs. 77 A and 77B illustrate an example of the foreground component image and an example of the back- 
ground component image corresponding to frame #n in Fig. 73. 

[0489] Fig. 77 A illustrates the example of the foreground component image corresponding to frame #n in Fig. 73. 
The leftmost pixel and the fourteenth pixel from the left consist of only the background components before the fore- 
ground and the background are separated, and thus, the pixel values are set to 0. 

45 [0490] The second and fourth pixels from the left belong to the uncovered background area before the foreground 
and the background are separated. Accordingly, the background components are set to 0, and the foreground com- 
ponents are maintained. The eleventh through thirteenth pixels from the left belong to the covered background area 
before the foreground and the background are separated. Accordingly, the background components are set to 0, and 
the foreground components are maintained. The fifth through tenth pixels from the left consist of only the foreground 

50 components, which are thus maintained. 

[0491] Fig. 77B illustrates the example of the background component image corresponding to frame #n in Fig. 73. 
The leftmost pixel and the fourteenth pixel from the left consist of only the background components before the fore- 
ground and the background are separated, and thus, the background components are maintained. 
[0492] The second through fourth pixels from the left belong to the uncovered background area before the foreground 

55 and the background are separated. Accordingly, the foreground components are set to 0, and the background com- 
ponents are maintained. The eleventh through thirteenth pixels from the left belong to the covered background area 
before the foreground and the background are separated. Accordingly, the foreground components are set to 0, and 
the background components are maintained. The fifth through tenth pixels from the left consist of only the foreground 
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components, and thus, the pixel values are set to 0. 

[0493] The processing for separating the foreground and the background executed by the foreground/background 
separator 105 is described below with reference to the flowchart of Fig. 78. In step S601. the frame memory 621 of 
the separating portion 601 obtains an input image, and stores frame #n for which the foreground and the background 
5 are separated together with the previous frame #n-1 and the subsequent frame #n+1 . 

[0494] In step S602. the separation processing block 622 of the separating portion 601 obtains area information 
supplied from the mixture-ratio calculator 104. In step S603. the separation processing block 622 of the separating 
portion 601 obtains the mixture ratio a supplied from the mixture-ratio calculator 104. 

[0495] In step S604, the uncovered area processor 631 extracts the background components from the pixel values 
10 of the pixels belonging to the uncovered background area supplied from the frame memory 621 based on the area 
information and the mixture ratio a. 

[0496] In step S605. the uncovered area processor 631 extracts the foreground components from the pixel values 
of the pixels belonging to the uncovered background area supplied from the frame memory 621 based on the area 
information and the mixture ratio a. 
15 [0497] In step S606, the covered area processor 632 extracts the background components from the pixel values of 
the pixels belonging to the covered background area supplied from the frame memory 621 based on the area information 
. and the mixture ratio a. 

[0498] In step S607, the covered area processor 632 extracts the foreground components from the pixel values of 
the pixels belonging to the covered background area supplied from the frame memory 621 based on the area information 
20 and the mixture ratio a. 

[0499] In step S608, the synthesizer 633 combines the foreground components of the pixels belonging to the un- 
covered background area extracted in the processing of step S605 with the foreground components of the pixels 
belonging to the covered background area extracted in the processing of step S607. The synthesized foreground 
components are supplied to the synthesizer 603. The synthesizer 603 further combines the pixels belonging to the 
25 foreground area supplied via the switch 602 with the foreground components supplied from the separating portion 601 
so as to generate a foreground component image. 

[0500] In step S609. the synthesizer 634 combines the background components of the pixels belonging to the un- 
covered background area extracted in the processing of step S604 with the background components of the pixels 
belonging to the covered background area extracted in the processing of step S606. The synthesized background 
30 components are supplied to the synthesizer 605. The synthesizer 605 further combines the pixels belonging to the 
background area supplied via the switch 604 with the background components supplied from the separating portion 
601 so as to generate a background component image. 

[0501] In step S610. the synthesizer 603 outputs the foreground component image. In step S611 . the synthesizer 
605 outputs the background component image. The processing is then completed. 
35 [0502] As discussed above, the foreground/background separator 105 is able to separate the foreground compo- 
nents and the background components from the input image based on the area information and the mixture ratio a, 
and outputs the foreground component image consisting of only the foreground components and the background com- 
ponent image consisting of only the background components. 

[0503] Adjustments of the amount of motion blur in a foreground component image are described below. 

40 [0504] Fig. 79 is a block diagram illustrating an example of the configuration of the motion-blur adjusting unit 106. 
The motion vector and the positional information thereof supplied from the motion detector 102 are supplied to a unit- 
of-processing determining portion 801, a model-forming portion 802, and a calculator 805. The area information sup- 
plied from the area specifying unit 103 is supplied to the unit-of -processing determining portion 801. The area infor- 
mation supplied from the foreground/background separator 105 is supplied to an adder 804. 

45 [0505] The unit-of- processing determining portion 801 generates the unit of processing based on the motion vector, 
the positional information thereof, and the area information and supplies the generated unit of processing to the model- 
forming portion 802 and the adder 804. 

[0506] As shown by an example in Fig. 80, the unit of processing A generated by the unit-of- processing determining 
portion 801 indicates consecutive pixels disposed in the moving direction starting from the pixel corresponding to the 

50 covered background area of the foreground component image until the pixel corresponding to the uncovered back- 
ground area, or indicates consecutive pixels disposed in the moving direction starting from the pixel corresponding to 
the uncovered background area until the pixel corresponding to the covered background area. The unit of processing 
A is formed of two pieces of data which indicate, for example, the upper left point (which is the position of the leftmost 
or the topmost pixel in the image designated by the unit of processing A) and the lower right point. 

55 [0507] The model-forming portion 802 forms a model based on the motion vector and the input unit of processing 
A. More specifically, for example, the model-forming portion 802 may store in advance a plurality of models in accord- 
ance with the number of pixels contained in the unit of processing A, the number of virtual divided portions of the pixel 
value in the time direction, and the number of foreground components for each pixel. The model-forming portion 802 
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selects the model in which the correlation between the pixel values and the foreground components is designated, 
such as that in Fig. 81 , based on the unit of processing A and the number of virtual divided portions of the pixel value 
in the time direction. 

[0508] It is now assumed, for example, that the number of pixels corresponding to the unit of processing A is 12. 
and that the amount of movement v within the shutter time is 5. Then, the model-forming portion 802 sets the number 
of virtual divided portions to 5. and selects a model formed of eight types of foreground components so that the leftmost 
pixel contains one foreground component, the second pixel from the left contains two foreground components, the 
third pixel from the left contains three foreground components, the fourth pixel from the left contains four pixel compo- 
nents, the fifth pixel from the left contains five foreground components, the sixth pixel from the left contains five fore- 
ground components, the seventh pixel from the left contains five foreground components, the eighth pixel from the left 
contains five foreground components, the ninth pixel from the left contains four foreground components, the tenth pixel 
from the left contains three foreground components, the eleventh pixel from the left contains two foreground compo- 
nents, and the twelfth pixel from the left contains one foreground component. 

[0509] Instead of selecting a model from the prestored models, the model-forming portion 802 may generate a model 
based on the motion vector and the unit of processing A when the motion vector and the unit of processing A are 
supplied. 

[0510] The model-forming portion 802 supplies the selected model to an equation generator 803. 

[0511] The equation generator 803 generates an equation based on the model supplied from the model- forming 

portion 802. A description is given below, with reference to the model of the foreground component image shown in 

Fig. 81, of equations generated by the equation generator 803 when the number of foreground components is 8, the 

number of pixels corresponding to the unit of processing A is 12, and the amount of movement v is 5. 

[051 2] When the foreground components contained in the foreground component image corresponding to the shutter 

time/v are F01/V through F08/V. the relationships between F01/v through F08/v and the pixel values C01 through C1 2 

can be expressed by equations (78) through (89). 

C01 = F01/v (78) 
C02 = F02/V+F01/V (79) 
C03 = F03/V+F027V+F01V (80) 
C04 = F04/v+F03/v+F02/v+F01v (81) 
C05 = F05AH-F04/V+F03/V+F02/V+F01V (82) 
C06 = F06/v+F05/v+F04/v+F03/v+F027v (83) 
C07 = F07A^F06/v+F05/v+F04Vv+F03/v ' (84) 

C08 = F08/V+F07A/+F06A/+F05/V+F04/V (85) 
C09= F08/v+F07/v+F06/v+F05/v (86) 
C10= F08/v+F07/v+F06/v (87) 
C11 = F08/v+F07/v (88) 
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C12=F08/v (89) 

[0513] The equation generator 803 generates an equation by modifying the generated equations. The equations 
5 generated by the equation generator 803 are indicated by equations (90) though (101). 

C01 = VF01/v+0*F02/v+0-F03/v+0»F04/v+0«F05/v 
w +0-F06/v+0-F07/v+0-F08/v (90) 

C02= 1 -F01/v+1-F02/v+0'F03/v+0-F04/v+0-F05/v 
1S +0«F06/v+0-F07/v+0-F08/v (91) . 

C03= 1 ^01^+1^02^+1^03^+0^04^+0^05^ 
20 +0-F06/v+0-F07/v+0-F08/v (92) 

C04 - 1-F01/v+1-F02/v+1-F03/v+1*F04/v+0-F05/v 
25 +0*F06/v+0-F07/v+0*F08/v (93) 

COS = 1 -F01 /v+ 1 • F02A/+ 1 'F03/V+ 1 »F04/v+ 1 «F05/v 
3Q +0»F06/v+0«F07/v+0*F08/v (94) 

C06 = 0-F01/V+1 ^02^+1^03^+ 1*F04A/+1*F05/v 
35 +1«F06/v+0«F07/V+0-F08/v (95) 

C07 = 0'F01/v+0«F02/v+VF03/v+1 ^04^+1^05^ 
4Q + VF06/v+1-F07/v+0-F08/v (96) 

C08 = 0'F01/v+0*F02/V+0*F03/v+VF04/v+1-F05/v 
45 +1 ^06^+1^07^+1^08^ (97) 

C09 = 0-F01/v+0-F02/v+0-F03/v+0-F04/v+1-F05/v 

+ 1-F06/V+1-F07A/+VF08/V (98) 

50 . \ r 

C10 = 0-F01/v+0'F02/v+0-F03/v+0-F04/v+0-F05/v 
m +VF06/v+1*F07/v+1-F08/v 1 (99) 

C11 = 0«F01/v+0-F02/v+0-F03/v+0-F04/v+0'F05/v 
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+0-F06/v+1-F07/v+VF08/v (100) 



5 C12 = 0>F01/v+0»F02/v+0-F03/v+0'F04/v+0»F05/v 

+0«F06/v+0-F07/v+1-F08/v (101) 

[0514] Equations (90) through (101) can be expressed by equation (102). 

10 

08 

Cj = X aij • Fi / v (102) 

15 

[0515] In equation (102), j designates the position of the pixel. In this example, j has one of the values from 1 to 12. 
In equation (102), i designates the position of the foreground value. In this example, i has one of the values from 1 to 
8. In equation (102), aij has the value 0 or 1 according to the values of i and j. 
[0516] Equation (102) can be expressed by equation (103) in consideration of the error. 

20 



Cj = 2 aij • Fi / v + ej (103) 



[0517] In equation (103). ej designates the error contained in the designated pixel Cj. 
[0518] Equation (103) can be modified into equation (104). 



ej = Cj - 2 ai 3 ■ Fi / v (104) 

1 = 02 

35 

[0519] In order to apply the method of least squares, the square sum E of the error is defined as equation (105). 

j = 01 

[0520] In order to minimize the error, the partial differential value using the variable Fk with respect to the square 
sum E of the error should be 0. Fk is determined so that equation (106) is satisfied. 

45 

3E 42, Cej 

(106> 

= 2 • £ { (Cj - X ai j * Fi / v) • (-akj / v) = 0 

j-01 1-01 

[0521] In equation (106), since the amount of movement v is a fixed value, equation (107) can be deduced. 
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2 akj • (Cj - £ aij • Fi / v) = 0 (107) 

j-01 i-Ol 

5 

[0522] To expand equation (107) and transpose the terms, equation (108) can be obtained. 

12 01 12 

io ^(aJg^aij-FO^v^akfCj (108) 

[0523] Equation (108) is expanded into eight equations by substituting the individual integers from 1 to 8 into k in 
equation (108). The obtained eight equations can be expressed by one matrix equation. This equation is referred to 
15 as a "normal equation". 

[0524] An example of the normal equation generated by the equation generator 803 based on the method of least 
squares is indicated by equation (109). 
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(109) 



[0525] When equation (109) is expressed by A*F=vC, C, A, and v are known, and F is unknown. A and v are known 
when the model is formed, while C becomes known when the pixel value is input in the addition processing. 
[0526] By calculating the foreground components according to the normal equation based on the method of least 
squares, the error contained in the pixel C can be distributed. 

[0527] The equation generator 803 supplies the normal equation generated as discussed above to the adder 804. 
[0528] The adder 804 sets, based on the unit of processing supplied from the unit-of-processing determining portion 
801, the pixel value C contained in the foreground component image in the matrix equation supplied from the equation 
generator 803. The adder 804 supplies the matrix in which the pixel value C is set to a calculator 805. 
[0529] The calculator 805 calculates the foreground component Fi/v from which motion blur is eliminated by the 
processing based on a solution, such as a sweep-out method (Gauss-Jordan elimination), so as to obtain Fi corre- 
sponding to i indicating one of the integers from 1 to 8, which is the pixel value from which motion blur is eliminated. 
The calculator 805 then outputs the foreground component image consisting of the pixel values Fi without motion blur, 
such as that in Fig. 82, to a motion-blur adder 806 and a selector 807. 

[0530] In the foreground component image without motion blur shown in Fig. 82. the reason for setting F01 through 
F08 in CO 3 through C10. respectively, is not to change the position of the foreground component image with respect 
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to the screen. However, F01 through F08 may be set in any desired positions. 

[0531] The motion-blur adder 806 is able to adjust the amount of motion blur by adding the amount V by which motion 
blur is adjusted, which is different from the amount of movement v, for example, the amount V by which motion blur is 
adjusted, which is one half the value of the amount of movement v, or the amount v* by which motion blur is adjusted, 

5 which is irrelevant to the amount of movement v. For example, as shown in Fig. 83, the motion-blur adder 806 divides 
the foreground pixel value Fi without motion blur by the amount v* by which motion blur is adjusted so as to obtain the 
foreground component Fi/v*. The motion-blur adder 806 then calculates the sum of the foreground components Fi/v*. 
thereby generating the pixel value in which the amount of motion blur is adjusted. For example, when the amount v* 
by which motion blur is adjusted is 3, the pixel value C02 is set to (F01)/v\ the pixel value C3 is set to (F01+F02)/V. 

10 the pixel value C04 is set to (F01+F02+F03)/v\ and the pixel value COS is set to (F02+F03+F04)/v\ 

[0532] The motion-blur adder 806 supplies the foreground component image in which the amount of motion blur is 
adjusted to a selector 807. 

[0533] The selector 807 selects one of the foreground component image without motion blur supplied from the cal- 
culator 805 and the foreground component image in which the amount of motion blur is adjusted supplied from the 
is motion-blur adder 806 based on a selection signal reflecting a user's selection, and outputs the selected foreground 
component image. 

[0534] As discussed above, the motion-blur adjusting unit 106 is able to adjust the amount of motion blur based on 
the selection signal and the amount v* by which motion blur is adjusted. 

[0535] Also, for example, when the number of pixels corresponding to the unit of processing is 8, and the amount of 
20 movement v is 4. as shown in Fig. 84, the motion-blur adjusting unit 106 generates a matrix equation expressed by 
equation (110). 



(110) 



[0536] In this manner, the motion-blur adjusting unit 106 calculates Fi, which is the pixel value in which the amount 
40 of motion blur is adjusted, by setting up the equation in accordance with the length of the unit of processing. Similarly, 
for example, when the number of pixels contained in the unit of processing is 100, the equation corresponding to 100 
pixels is generated so as to calculate Fi. 

[0537] Fig. 85 illustrates an example of another configuration of the motion-blur adjusting unit 106. The same ele- 
ments as those shown in Fig. 79 are designated with like reference numerals, and an explanation thereof is thus omitted. 
45 [0538] Based on a selection signal, a selector 821 directly supplies an input motion vector and a positional signal 
thereof to the unit-of-processing determining portion 801 and the model-forming portion 802. Alternatively, the selector 
821 may substitute the magnitude of the motion vector by the amount v" by which motion blur is adjusted, and then 
supplies the motion vector and the positional signal thereof to the unit-of-processing determining portion 801 and the 
model-forming unit 802. 

50 [0539] With this arrangement, the unit-of-processing determining portion 801 through the calculator 805 of the mo- 
tion-blur adjusting unit 106 shown in Fig. 85 are able to adjust the amount of motion blur in accordance with the amount 
of movement v and the amount v* by which motion blur is adjusted. For example, when the amount of movement is 5, 
and the amount v' by which motion blur is adjusted is 3. the unit-of-processing determining portion 801 through the 
calculator 805 of the motion-blur adjusting unit 106 shown in Fig. 85 execute computation on the foreground component 

55 image in which the amount of movement v is 5 shown in Fig. 81 according to the model shown in Fig. 83 in which the 
amount v' by which motion blur is adjusted is 3. As a result, the image containing motion blur having the amount of 
movement v of (amount of movement v)/(amount V by which motion blur is adjusted) = 5/3. i.e., about 1 .7 is obtained. 
In this case, the calculated image does not contain motion blur corresponding to the amount of movement v of 3. 
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Accordingly, it should be noted that the relationship between the amount of movement v and the amount v* by which 
motion blur is adjusted is different from the result of the motion-blur adder 806. 

[0540] As discussed above, the motion-blur adjusting unit 1 06 generates the equation in accordance with the amount 
of movement v and the unit of processing, and sets the pixel values of the foreground component image in the generated 

5 equation, thereby calculating the foreground component image in which the amount of motion blur is adjusted. 

[0541] The processing for adjusting the amount of motion blur contained in the foreground component image exe- 
cuted by the motion-blur adjusting unit 106 is described below with reference to the flowchart of Fig. 86. 
[0542] In step S801 , the unit-of-processing determining portion 801 of the motion-blur adjusting unit 106 generates 
the unit of processing based on the motion vector and the area information, and supplies the generated unit of process- 

io ing to the model-forming portion 802. 

[0543] In step S802, the model-forming portion 802 of the motion-blur adjusting unit 106 selects or generates the 
model in accordance with the amount of movement v and the unit of processing. In step S803, the equation generator 
803 generates the normal equation based on the selected model. 

[0544] In step S804, the adder 804 sets the pixel values of the foreground component image in the generated normal 
is equation. In step S805, the adder 804 determines whether the pixel values of all the pixels corresponding to the unit 
of processing are set. If it is determined that the pixel values of all the pixels corresponding to the unit of processing 
are not yet set, the process returns to step S804, and the processing for setting the pixel values in the normal equation 
is repeated. 

[0545] If it is determined in step S805 that the pixel values of all the pixels corresponding to the unit of processing 
20 are set. the process proceeds to step S806. In step S806, the calculator 805 calculates the pixel values of the foreground 
in which the amount of motion blur is adjusted based on the normal equation in which the pixel values are set supplied 
from the adder 804. The processing is then completed. 

[0546] As discussed above, the motion-blur adjusting unit 106 is able to adjust the amount of motion blur of the 
foreground image containing motion blur based on the motion vector and the area information. 
25 [0547] That is, it is possible to adjust the amount of motion blur contained in the pixel values, that is, contained in 
sampled data. 

[0548] Fig. 87 is a block diagram illustrating another example of the configuration of the motion-blur adjusting unit 
106. The motion vector and the positional information thereof supplied from the motion detector 102 are supplied to a 
unit-of-processing determining portion 901 and an adjusting portion 905. The area information supplied from. the area 
30 specifying unit 103 is supplied to the unit-of-processing determining portion 901. The foreground component image 
supplied from the foreground/background separator 105 is supplied to a calculator 904. 

[0549] The unit-of-processing determining portion 901 generates the unit of processing on the basis of the motion 
vector, the positional information thereof, and the area information and supplies the generated unit of processing, 
together with the motion vector, to a model-forming portion 902. 

35 [0550] The model-forming portion 902 forms a model based on the motion vector and the input unit of processing. 
More specifically, for example, the model-forming portion 902 may store in advance a plurality of models in accordance 
with the number of pixels contained in the unit of processing, the number of virtual divided portions of the pixel value 
in the time direction, and the number of foreground components for each pixel. The model-forming portion 902 selects 
the model in which the correlation between the pixel values and the foreground components is designated, such as 

<o that in Fig. 88. based on the unit of processing and the number of virtual divided portions of the pixel value in the time 
direction. 

[0551] It is now assumed, for example, that the number of pixels corresponding to the unit of processing is 12, and 
that the amount of movement v is 5. Then, the model-forming portion 902 sets the number of virtual divided portions 
to 5, and selects a model formed of eight types of foreground components so that the leftmost pixel contains one 

45 foreground component, the second pixel from the left contains two foreground components, the third pixel from the left 
contains three foreground components, the fourth pixel from the left contains four pixel components, the fifth pixel from 
the left contains five foreground components, the sixth pixel from the left contains five foreground components, the 
seventh pixel from the left contains five foreground components, the eighth pixel from the left contains five foreground 
components, the ninth pixel from the left contains four foreground components, the tenth pixel from the left contains 

50 three foreground components, the eleventh pixel from the left contains two foreground components, and the twelfth 
pixel from the left contains one foreground component. 

[0552] Instead of selecting a model from the prestored models, the model-forming portion 902 may generate a model 
based on the motion vector and the unit of processing when the motion vector and the unit of processing are supplied. 
[0553] An equation generator 903 generates an equation based on the model supplied from the model-forming por- 
55 tion 902. 

[0554] A description is now given, with reference to the models of foreground component images shown in Figs. 88 
through 90, of an example of the equation generated by the equation generator 903 when the number of foreground 
components is 8, the number of pixels corresponding to the unit of processing is 12, and the amount of movement v is 5. 
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[0555] When the foreground components contained in the foreground component image corresponding to the shutter 
time/v are F01/v through F08/v, the relationships between F01/v through F08/v and pixel values C01 through C1 2 can 
be expressed by equations (78) through (89). as stated above. 

[0556] By considering the pixel values C12 and C11, the pixel value C12 contains only the foreground component 
5 F08/v, as expressed by equation (111), and the pixel value C1 1 consists of the product sum of the foreground component 
F08/v and the foreground component F07/v. Accordingly, the foreground component F07/v can be found by equation 
(112). 

w F08/v = C12 (111) 

F07/v = C11-C12 . (112) 

is [0557] Similarly, by considering the foreground components contained in the pixel values C10 through C01 , the 
foreground components F06/v through F01/v can be found by equations (113) through (118), respectively. 

F06/v = C10-C11 (113) 

20 

F05/v = C09-C10 (114) 

2s F04/V = C08-C09 (115) 

F03/V = C07-C08+C12 (116) 

30 

F02/V = C06-C07+C11-C12 (117) 



F01/v = C05-C06+C10-C11 (118) 

35 

[0558] The equation generator 903 generates the equations for calculating the foreground components by the dif- 
ference between the pixel values, as indicated by the examples of equations (111) through (118). The equation gen- 
erator 903 supplies the generated equations to the calculator 904. 

[0559] The calculator 904 sets the pixel values of the foreground component image in the equations supplied from 
40 the equation generator 903 so as to obtain the foreground components based on the equations in which the pixel 
values are set. For example, when equations (111) through (118) are supplied from the equation generator 903, the 
calculator 904 sets the pixel values C05 through C12 in equations (111) through (118). 

[0560] The calculator 904 calculates the foreground components based on the equations in which the pixel values 
are set. For example, the calculator 904 calculates the foreground components F01/v through F08/v, as shown in Fig. 

45 89. based on the calculations of equations (111) through (118) in which the pixel values CO 5 through C12 are set. The 
calculator 904 supplies the foreground components F01/v through F08/V to the adjusting portion 905. 
[0561] The adjusting portion 905 multiplies the foreground components supplied from the calculator 904 by the 
amount of movement v contained in the motion vector supplied from the unit-of-processing determining portion 901 
so as to obtain the foreground pixel values from which motion blur is eliminated. For example, when the foreground 

so components F01/v through F08/v are supplied from the calculator 904, the adjusting portion 905 multiples each of the 
foreground components F01/v through F08/v by the amount of movement v, i.e.. 5, so as to obtain the foreground pixel 
values F01 through F08 from which motion blur is eliminated, as shown in Fig. 90. 

[0562] The adjusting portion 905 supplies the foreground component image consisting of the foreground pixel values 
without motion blur calculated as described above to a motion-blur adder 906 and a selector 907. 
55 [0563] The motion-blur adder 906 is able to adjust the amount of motion blur by using the amount v' by which motion 
blur is adjusted, which is different from the amount of movement v, for example, the amount V by which motion blur is 
adjusted, which is one half the value of the amount of movement v. or the amount v' by which motion blur is adjusted, 
which is irrelevant to the amount of movement v. For example, as shown in Fig. 83, the motion-blur adder 906 divides 
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the foreground pixel value Fi without motion blur by the amount V by which motion blur is adjusted so as to obtain the 
foreground component Fi/v*. The motion- blur adder 906 then calculates the sum of the foreground components Fi/v\ 
thereby generating the pixel value in which the amount of motion blur is adjusted. For example, when the amount v' 
by which motion blur is adjusted is 3, the pixel value C02 is set to (F01)/v\ the pixel value C3 is set to (F01+F02)Av\ 
5 the pixel value C04 is set to (F01+F02+F03)/v*. and the pixel value COS is set to (F02+F03+F04)/v\ 

[0564] The motion-blur adder 906 supplies the foreground component image in which the amount of motion blur is 
adjusted to the selector 907. 

[0565] The selector 907 selects either the foreground. component image without motion blur supplied from the ad- 
justing portion 905 or the foreground component image in which the amount of motion blur is adjusted supplied from 
* o the motion-blur adder 906 based on a selection signal reflecting a user's selection, and outputs the selected foreground 
component image. 

[0566] As discussed above, the motion-blur adjusting unit 106 is able to adjust the amount of motion blur based on 
the selection signal and the amount v* by which motion blur is adjusted. 

[0567] The processing for adjusting the amount of motion blur of the foreground executed by the motion-blur adjusting 
15 unit 106 configured as shown in Fig. 87 is described below with reference to the flowchart of Fig. 91. 

[0568] In step S901. the unit-of-processing determining portion 901 of the motion-blur adjusting unit 106 generates 
the unit of processing based on the motion vector and the area information, and supplies the generated unit of process- 
ing to the model-forming portion 902 and the adjusting portion 905. 

[0569] In step S902, the model-forming portion 902 of the motion-blur adjusting unit 106 selects or generates the 
20 model according to the amount of movement v and the unit of processing. In step S903, the equation generator 903 
generates, based on the selected or generated model, the equations for calculating the foreground components by 
the difference between the pixel values of the foreground component image. 

[0570] In step S904, the calculator 904 sets the pixel values of the foreground component image in the generated 
equations, and extracts the foreground components by using the difference between the pixel values based on the 
25 equations in which the pixel values are set. In step S905, the calculator 904 determines whether all the foreground 
components corresponding to the unit of processing have been extracted. If it is determined that all the foreground 
components corresponding to the unit of processing have not been extracted, the process returns to step S904, and 
the processing for extracting the foreground components is repeated. 

[0571] If it is determined in step S905 that all the foreground components corresponding to the unit of processing 
30 have been extracted, the process proceeds to step S906. In step S906, the adjusting portion 905 adjusts each of the 
foreground components F01/v through F08/v supplied from the calculator 904 based on the amount of movement v so 
as to obtain the foreground pixel values F01/v through F087v from which motion blur is eliminated. 
[0572] In step S907, the motion-blur adder 906 calculates the foreground pixel values in which the amount of motion 
blur is adjusted, and the selector 907 selects the image without motion blur or the image in which the amount of motion 
35 blur is adjusted, and outputs the selected image. The processing is then completed. 

[0573] As described above, the motion-blur adjusting unit 1 06 configured as shown in Fig. 87 is able to more speedily 
adjust motion blur of the foreground image containing motion blur according to simpler computations. 
[0574] A known technique for partially eliminating motion blur, such as a Wiener filter, is effective when being used 
in the ideal state, but is not sufficient for an actual image quantized and containing noise. In contrast, it is proved that 
40 the motion-blur adjusting unit 1 06 configured as shown in Fig. 87 is sufficiently effective for an actual image quantized 
and containing noise. It is thus possible to eliminate motion blur with high precision. 

[0575] As described above, the separating portion 91 , which is configured as shown in Fig. 9, can adjust the amount 
of motion blur contained in the input image. 

[0576] Fig. 92 is a block diagram illustrating another configuration of the function of the separating portion 91 . 
45 [0577] The elements similar to those shown in Fig. 9 are designated with like reference numerals, and an explanation 
thereof is thus omitted. 

[0578] The area specifying unit 103 supplies area information to the mixture-ratio calculator 104 and a synthesizer 
1001. 

[0579] The mixture-ratio calculator 1 04 supplies the mixture ratio a to the foreground/background separator 1 05 and 
50 the synthesizer 1 001 . 

[0580] The foreground/background separator 1 05 supplies the foreground component image to the synthesizer 1001. 
[0581] The synthesizer 1001 combines a certain background image with the foreground component image supplied 
from the foreground/background separator 105 based on the mixture ratio a supplied from the mixture-ratio calculator 
104 and the area information supplied from the area specifying unit 103, and outputs the synthesized image in which 
55 the certain background image and the foreground component image are combined. 

[0582] Fig. 93 illustrates the configuration of the synthesizer 1001. A background component generator 1021 gen- 
erates a background component image based on the mixture ratio a and a certain background image, and supplies 
the background component image to a mixed-area-image synthesizing portion 1022. 
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[0583] The mixed-area-image synthesizing portion 1022 combines the background component image supplied from 
the background component generator 1021 with the foreground component image so as to generate a mixed-area 
synthesized image, and supplies the generated mixture-area synthesized image to an image synthesizing portion 1023. 
[0584] The image synthesizer 1023 combines the foreground component image, the mixed-area synthesized image 
5 supplied from the mixed-area-image synthesizing portion 1022, and the certain background image based on the area 
information so as to generate a synthesized image, and outputs it. 

[0585] As discussed above, the synthesizer 1001 is able to combine the foreground component image with a certain 
background image. 

[0586] The image obtained by combining a foreground component image with a certain background image based 
10 on the mixture ratio a, which is the feature quantity, appears more natural compared to an image obtained by simply 
combining pixels. 

[0587] Fig. 94 is a block diagram illustrating another configuration of the function of the separating portion 91 . The 
separating portion 91 shown in Fig. 9 sequentially performs the area-specifying operation and the calculation for the 
mixture ratio a. In contrast, the separating portion 91 shown in Fig. 94 simultaneously performs the area-specifying 
15 operation and the calculation for the mixture ratio a. 

[0588] The functional elements similar to those indicated by the block of Fig. 9 are indicated by like reference nu- 
merals, and an explanation thereof is thus omitted. 

[0589] An input image is supplied to a mixture-ratio calculator 1101. a foreground/background separator 1102, the 
area specifying unit 103, and the object extracting unit 101. 
20 [0590] The mixture-ratio calculator 1101 calculates, based on the input image, the estimated mixture ratio when it is 
assumed that each pixel contained in the input image belongs to the covered background area, and the estimated 
mixture ratio when it is assumed that each pixel contained in the input image belongs to the uncovered background 
area, and supplies the estimated mixture ratios calculated as described above to the foregroundTbackg round separator 
1102. 

25 [0591] Fig. 95 is a block diagram illustrating an example of the configuration of the mixture-ratio calculator 1101. 
[0592] An estimated-mixture-ratio processor 401 shown in Fig. 95 is the same as the estimated- mixture-ratio proc- 
essor 401 shown in Fig. 54. An estimated-mixture-ratio processor 402 shown in Fig. 95 is the same as the estimated- 
mixture-ratio processor 402 shown in Fig. 54. 

[0593] The estimated-mixture-ratio processor 401 calculates the estimated mixture ratio for each pixel by the com- 
30 putation corresponding to a model of the covered background area based on the input image, and outputs the calculated 
estimated mixture ratio. 

[0594] The estimated-mixture-ratio processor 402 calculates the estimated mixture ratio for each pixel by the com- 
putation corresponding to a model of the uncovered background area based on the input image, and outputs the 
calculated estimated mixture ratio. 

35 [0595] The foreground/background separator 1 1 02 generates the foreground component image from the input image 
based on the estimated mixture ratio calculated when it is assumed that the pixel belongs to the covered background 
area supplied from the mixture-ratio calculator 1101, the estimated mixture ratio calculated when it is assumed that 
the pixel belongs to the uncovered background area supplied from the mixture-ratio calculator 1101, and the area 
information supplied from the area specifying unit 103, and supplies the generated foreground component image to 

40 the motion-blur adjusting unit 106 and the selector 107. 

[0596] Fig. 96 is a block diagram illustrating an example of the configuration of the foreground/background separator 
1102. 

[0597] The elements similar to those of the foreground/background separator 1 05 shown in Fig. 7 1 are indicated by 
like reference numerals, and an explanation thereof is thus omitted. 

45 [0598] A selector 1121 selects, based on the area information supplied from the area specifying unit 103. either the 
estimated mixture ratio calculated when it is assumed that the pixel belongs to the covered background area supplied 
from the mixture-ratio calculator 1101 or the estimated mixture ratio calculated when it is assumed that the pixel belongs 
to the uncovered background area supplied from the mixture- ratio calculator 1101 . and supplies the selected estimated 
mixture ratio to the separating portion 601 as the mixture ratio a. 

50 [0599] The separating portion 601 extracts the foreground components and the background components from the 
pixel values of the pixels belonging to the mixed area based on the mixture ratio a supplied from the selector 1121 and 
the area information, and supplies the extracted foreground components to the synthesizer 603 and also supplies the 
foreground components to the synthesizer 605. 

[0600] The separating portion 601 can be configured similarly to the counterpart shown in Fig. 76. 
55 [0601] The synthesizer 603 synthesizes the foreground component image and outputs it. The synthesizer 605 syn- 
thesizes the background component image and outputs it. 

[0602] The motion-blur adjusting unit 106 shown in Fig. 94 can be configured similarly to the counterpart shown in 
Fig. 9. The motion-blur adjusting unit 106 adjusts the amount of motion blur contained in the foreground component 
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image supplied from the foreground/background separator 1102 based on the area information and the motion vector, 
and outputs the foreground component image in which the amount of motion blur is adjusted. 

[0603] The selector 107 shown in Fig. 94 selects the foreground component image supplied from the foreground/ 
background separator 1102 or the foreground component image in which the amount of motion blur is adjusted supplied 
5 from the motion-blur adjusting unit 106 based on. for example, a selection signal reflecting a user's selection, and 
outputs the selected foreground component image. 

[0604] As discussed above, the separating portion 91 shown in Fig. 94 is able to adjust the amount of motion blur 
contained in an image corresponding to a foreground object of the input image, and outputs the resulting foreground 
object image. As in the first embodiment, the separating portion 91 having the configuration shown in Fig. 94 is able 

10 to calculate the mixture ratio a, which is embedded information, and outputs the calculated mixture ratio a. 

[0605] Fig. 97 is a block diagram illustrating another configuration of the function of the separating portion 91 for 
combining a foreground component image with a certain background image. The separating portion 91 shown in Fig. 
92 serially performs the area-specifying operation and the calculation for the mixture ratio a. In contrast, the separating 
portion 91 shown in Fig. 97 performs the area-specifying operation and the calculation for the mixture ratio a in a 

*5 parallel manner. 

[0606] The functional elements similar to those of the block diagram of Fig. 94 are designated with like reference 
numerals, and explanation thereof is thus omitted. 

[0607] The mixture-ratio calculator 1101 shown in Fig. 97 calculates, based on the input image, the estimated mixture 
ratio when it is assumed that each pixel contained in the input image belongs to the covered background area, and 
20 the estimated mixture ratio when it is assumed that each pixel contained in the input image belongs to the uncovered 
background area, and supplies the estimated mixture ratios calculated as described above to the foreground/ back- 
ground separator 1102 and a synthesizer 1201. 

[0608] The foreground/background separator 1102 shown in Fig. 97 generates the foreground component image 
from the input image based on the estimated mixture ratio calculated when it is assumed that the pixel belongs to the 
25 covered background area supplied from the mixture-ratio calculator 1101 , the estimated mixture ratio calculated when 
it is assumed that the pixel belongs to the uncovered background area supplied from the mixture-ratio calculator 1101, 
and the area information supplied from the area specifying unit 103, and supplies the generated foreground component 
image to the synthesizer 1201 . 

[0609] The synthesizer 1 201 combines a certain background image with the foreground component image supplied 
30 from the foreground/background separator 1102 based on the estimated mixture ratio calculated when it is assumed 
that the pixel belongs to the covered background area supplied from the mixture-ratio calculator 1101. the estimated 
mixture ratio calculated when it is assumed that the pixel belongs to the uncovered background area supplied from 
the mixture-ratio calculator 1101 . and the area information supplied from the area specifying unit 103, and outputs the 
synthesized image in which the background image and the foreground component image are combined. 
35 [0610] Fig. 98 illustrates the configuration of the synthesizer 1201 . The functional elements similar to those indicated 
by the block of Fig. 93 are indicated by like reference numerals, and an explanation thereof is thus omitted. 
[061 1] A selector 1221 selects, based on the area information supplied from the area specifying unit 103, either the 
estimated mixture ratio calculated when it is assumed that the pixel belongs to the covered background area supplied 
from the mixture-ratio calculator 1 1 01 or the estimated mixture ratio calculated when it is assumed that the pixel belongs 
40 to the uncovered background area supplied from the mixture-ratio calculator 1101 , and supplies the selected estimated 
mixture ratio to the background component generator 1021 as the mixture ratio a. 

[0612] The background component generator 1021 shown in Fig. 98 generates a background component image 
based on the mixture ratio a supplied from the selector 1221 and a certain background image, and supplies the back- 
ground component image to the mixed-area-image synthesizing portion 1022. 
45 [0613] The mixed-area-image synthesizing portion 1022 shown in Fig. 98 combines the background component 
image supplied from the background component generator 1021 with the foreground component image so as to gen- 
erate a mixed-area synthesized image, and supplies the generated mixed-area synthesized image to the image syn- 
thesizing portion 1023. 

[0614] The image synthesizing portion 1 023 combines the foreground component image, the mixed-area synthesized 
50 image supplied from the mixed-area-image synthesizing portion 1022, and the background image based on the area 
information so as to generate a synthesized image and outputs it. 

[0615] In this manner, the synthesizer 1201 is able to combine the foreground component image with a certain back- 
ground image. 

[0616] The embodiment has been discussed above by setting the mixture ratio a to the ratio of the background 
55 components contained in the pixel values. However, the mixture ratio a may be set to the ratio of the foreground 
components contained in the pixel values. 

[0617] The embodiment has been discussed above by setting the moving direction of the foreground object to the 
direction from the left to the right. However, the moving direction is not restricted to the above-described direction. 
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[0618] In the above description, a real-space image having a three-dimensional space and time axis information is 
projected onto a time space having a two-dimensional space and time axis information by using a video ca rnera. 
However, the present invention is not restricted to this example, and can be applied to the following case. When a 
greater amount of first information in one-dimensional space is projected onto a smaller amount of second information 
5 in a two-dimensional space, distortion generated by the projection can be corrected, significant information can be 
extracted, or a more natural image can be synthesized. 

[0619] The sensor is not restricted to a CCD, and may be another type of sensor, such as a solid-state image- 
capturing device, for example, a BBD (Bucket Brigade Device), a CID (Charge Injection Device), or a CPD (Charge 
Priming Device), or a CMOS (Complementary Metal Oxide Semiconductor). Also, the sensor does not have to be a 
io sensor in which detection devices are arranged in a matrix, and may be a sensor in which detection devices are 
arranged in one line. 

[0620] Referring to the flowchart of Fig. 99, the synthesis service processing for outputting a synthesized image 
generated by combining a foreground component image of an image captured in real time by the camera terminal 
device 2 with a specified background component image will now be described. It is assumed that the camera terminal 
15 device 2 is rented out to a user. A case in which fees are separately charged for the separation processing and the 
synthesis processing will now be described. 

[0621] In step S1001 , it is determined whether or not a shutter button is pressed. The processing is repeated until it 
is determined that the shutter button is pressed. When the shutter button is pressed, in step S1002, the signal controller 
71 performs the processing to separate an image input from the image-capturing unit 74 into a background component 

20 image and a foreground component image. The image separation processing is a series of processes performed by 
the above-described separating portion 91. Specifically, the processing is to separate the input image into the fore- 
ground component image and the background component image and is implemented by the area specifying processing 
described with reference to the flowchart of Fig. 35, the mixture-ratio calculation processing described with reference 
to Fig. 63, the foreground/background separation processing described with reference to the flowchart of Fig. 7S, and 

25 the foreground-component-image-motion-blur adjustment processing described with reference to the flowchart of Fig. 
86. Since the processing is similar to the above, a description thereof is omitted. 

[0622] In step S1003, the billing processor 75 performs the billing processing to charge fees to the billing server 5 
via the network 1. At the same time, in step S1021 , the billing server 5 performs the billing processing to charge fees 
to the camera terminal device 2. 
30 [0623] With reference to the flowchart of Fig. 100, the above-described billing processing will now be described. In 
the billing processing, the user who has borrowed the camera terminal device 2 inputs, prior to the start of using the 
camera terminal device 2, for example, the user's account ID (credit card number may be input instead) and authen- 
tication information. 

[0624] In step S1101, as shown in Fig. 101 , the billing processor 75 specifies the contents of the processing (service) 
35 and transmits ID information for identifying the user (user requesting image separation), authentication information 
(password and the like), fees, and ID stored therein (ID for specifying the provider) to the billing server 5 via the network 
1 . In this case, the image separation processing is specified as a service. 

[0625] In step S1121, as shown in Fig. 101, the billing server 24 asks the financial server 6 under the management 
of a financial institution having the customer's account about the authentication information, the customer's account 
40 id, and the fees on the basis of the (user's) ID transmitted from the camera terminal device 2. 

[0626] In step S1141, as shown in Fig. 101, the financial server (for customer) 6 performs the authentication process- 
ing based on the customer's account ID and the authentication information and informs the billing server 5 of the 
authentication result and the service availability information. 

[0627] In step S1122, as shown in Fig. 101, the billing server 5 transmits the authentication information and the 
45 service availability information to the camera terminal device 2. In the following description, the case will be described 
under the conditions that there is no problem with the authentication result and that the service is thus available. If 
there is a problem with the authentication result and information indicating that the service is unavailable is received, 
the processing is terminated. 

[0628] In step S1102, as shown in Fig. 101 , the camera terminal device 2 provides the service when the conditions 
50 that there is no problem with the authentication result and that the service is thus available are satisfied. In other words, 
in this case, the camera terminal device 2 executes the image separation processing. 

[0629] In step S1103, the camera terminal device 2 transmits a service use notification to the billing server 5. In step 
S1123, the billing server 5 informs the financial server (for customer) 6 of the customer's account ID, the fees, and the 
provider's account ID. 

55 [0630] In step S1142, the financial server (for customer) 6 transfers the fees from an account with the customer's 
account ID to the provider's financial server (for provider) 7. 
[0631] The description returns to the flowchart of Fig. 99. 

[0632] In step S1004, the signal controller 71 stores the separated images in the image storage unit 72. In step 
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S1 005, the billing processor 75 determines whether or not the shutter has been continuously pressed. If it is determined 
that the shutter has been continuously pressed, the processing returns to step S1002. That is, the billing processing 
is continuously executed while the shutter is continuously pressed. 

[0633] If it is determined in step S1005 that the shutter is not pressed, in step S1006, the signal controller 71 deter- 

5 mines whether or not the ID of an image to be selected as a background component image is input. The processing 
is repeated until the ID is input. The ID for specifying the background component image may be set prior to trie start 
of using the camera terminal device 2. When there is no preset ID, the ID specified by default may be input. Accordingly, 
the separation processing and the synthesis processing are performed without an obstacle after the shutter is pressed. 
[0634] In step S1007, the signal controller 71 combines the background component image having the specified ID 

10 with the foreground component image separated by the separation processing. For example, when an image shown 
in Fig. 102A is captured by the image-capturing unit 74, the signal controller 71 separates the image into a foreground 
component image and a background component image. Subsequently, as shown in Fig. 102B, when the processing 
in step S1006 selects background B3 from among images stored in the image storage unit 72 (including backgrounds 
B1 to B3 and foregrounds F1 to F3), the signal controller 71 combines background B3 and the foreground component 

15 image at the center of the image shown in Fig. 102A to generate a synthesized image shown in Fig. 102C. 

[0635] In steps S1008 and S1022, the billing processor 71 of the camera terminal device 2 and the billing server 5 
perform the billing processing for charging fees for the synthesis processing. Since the billing processing is similar to 
the processing described with reference to the flowchart of Fig. 100, a description thereof is omitted. 
[0636] In step S1009, the signal controller 71 of the camera terminal device 2 displays the synthesized image on the 

20 display unit 73, assigns the ID to the image, and stores the image in the image storage unit 72. 

[0637] In the foregoing example, the separation processing is repeated for a period of time during which the shutter 
is pressed, and the corresponding fees are continuously charged. Alternatively, fees may be charged every time the 
shutter is pressed. 

[0638] The television set terminal device 3 for eliminating in real time motion blur of an image of a moving subject 
25 captured by the camera device 4 and displaying the motion-blur-eliminated image, as shown in Fig. 103. or for elimi- 
nating motion blur in real time and combining the motion-blur-eliminated image with a background component image, 
as shown in Fig. 104. will now be described with reference to Fig. 105. 

[0639] The television set terminal device 3 shown in Fig. 105 is, as shown in Fig. 104, to be rented out for use in 
wild animal observation at night or the like. The billing processing charges, to the television set terminal device 3, fees 
30 based on renting time (fees in accordance with the facility use time) and fees for the motion-blur elimination processing 
and tine synthesis processing. The fees for the motion-blur elimination processing and the synthesis processing are 
charged only when there is a motion in the subject image (foreground component image). 

[0640] A facility-use-time measuring unit 2001 of the television set terminal device 3 measures the time from the 
renting of the television set terminal device 3. The facility-use-time measuring unit 2001 stores the measured time in 

35 a counter 2001a and outputs the final measured facility use time to the billing processor 85. A still/motion determination 
unit 2002 scans the captured image input from the camera device 4 and determines whether or not there is a motion 
in the subject image (foreground component image). If there is a motion, the still/motion determination unit 2002 outputs 
a signal indicating the presence of the motion to a processing-time measuring unit 2003. When the signal indicating 
the presence of the motion is input to the processing-time measuring unit 2003, the processing -time measuring unit 

40 2003 stores the time during which the signal is input in a counter 2003a and, finally in the billing processing, outputs 
the processing time stored in the counter 2003a to the billing processor 85. At this time, the billing processor 85 cal- 
culates the fees in accordance with the facility use time input from the facility-use-time measuring unit 2001 and the 
processing time input from the processing-time measuring unit 2003 and executes the billing processing to charge the 
fees to the billing server 5. 

45 (0641) Since the configuration of the signal processor 81 is similar to that of the signal processor 71 shown in Fig. 
8, a description thereof is omitted. 

[0642] Referring to the flowchart of Fig. 1 06, the real-time synthesis service processing performed by the television 
set terminal device 3 for use in wild animal observation at night will now be described. 

[0643] In step S 1201 , the facility-use-time measuring unit 2001 of the television set terminal device 3 starts measuring 
50 the facility use time. At this time, the camera device 4 starts outputting captured images one after another to the signal 
processor 71 and the stiliymotion determination unit 2002. In step S1202. the still/motion determination unit 2002 de- 
termines whether or not there is a motion in the subject. The processing is repeated until it is determined that there is 
a motion. If it is determined that there is a motion, the processing proceeds to step S1203. 

[0644] In step S1203, the still/motion determination unit 2002 outputs a signal indicating the detection of the motion. 
55 in response, the processing-time measuring unit 2003 starts measuring the processing time. 

[0645] In step S1204, the separating portion 91 of the signal controller 81 executes the processing to separate an 
input image. The processing is similar to the processing in step S1002 of the flowchart of Fig. 99 and includes the 
motion-blur adjustment processing (see the flowchart of Fig. 86). With this processing, the image is separated, and 
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motion blur is eliminated by the foreground-component-image-motion-blur adjustment processing. In this case, after 
the image is separated, only the foreground component image is output to the synthesizer 92. 

[0646] In step S1205. the synthesizer 92 reads a background component image to be combined from the image 
storage unit 72. In step S1206, the synthesizer 92 combines the read background component image and the motion- 

5 blur-eliminated foreground component image input from the separating portion 91 to synthesize an image and outputs 
the synthesized image to the display unit 83. The display unit 83 displays the synthesized image. 
[06471 ,n step S1207, the still/motion determination unit 2002 determines whether or not there is a motion, that is, 
whether or not there has been intermittently a motion. If it is determined that there is a motion, the processing returns 
to step S1204, and the processing from this step onward is repeated. 

10 [0648] If it is determined in step S1207 that there is no motion, in step S1208, the processing- time measuring unit 
2003 measures the time used for the actual separation processing (motion-blur elimination processing) and the syn- 
thesis processing and stores the time in the counter 2003a. 

[0649] In step S1209, the facility-use- time measuring unit 2001 determines whether or not the use of the facility is 
ended. For example, when the use of the facility is ended, in step S1210. the facility-use-time measuring unit 2001 

15 measures the facility use time stored in the counter 2001a and outputs the measured time to the billing processor 75. 
[0650] In steps S1211 and S1121, the billing processor 85 of the television set terminal device 3 and the billing server 
5 calculate the fees based on the facility use time and the processing time used for the motion-blur elimination process- 
ing and the synthesis processing and executes the corresponding billing processing. Since the billing processing is 
similar to the processing described with reference to the flowchart of Fig. 100, a description thereof is omitted. 

20 [0651] With the foregoing processing, a service for capturing a motion-blur-ad justed image in dim light, such as in 
wild animal observation at night, is provided. Since the billing processing for charging fees in accordance with renting 
time (facility use time) during which the television set terminal device 3 is rented and processing time (time used for 
the motion blur processing and the synthesis processing) is implemented, fees for the separation processing and the 
synthesis processing are not charged at night during which animals remain stationary. The user only pays fees when 

25 a situation in which the separation processing and the synthesis processing are necessary arises. 

[0652] Alternatively, in the real-time synthesis service processing described with reference to the flowchart of Fig. 
106, the billing processing charges fees not based on renting time but only on processing time. With reference to the 
flowchart of Fig. 1 07, the processing in which the television set terminal device 3 is rented out to a user at a golf course 
or the like so as that the user can check the user's golf swing will now be described. 

30 [0653] The processing is similar to the flowchart of Fig. 106 from which steps S1201 and S 1210 are omitted. That 
is, in step S1301, the still/motion determination unit 2002 determines whether or not there is a motion in the subject. 
The processing is repeated until it is determined that there is a motion. If it is determined that there is a motion, the 
processing proceeds to step S1302. In other words, the processing is not executed and the billing processing is not 
executed until the user swings a golf club. 

35 [0654] In step S1302, the still/motion determination unit 2002 outputs a signal indicating the detection of the motion. 
In response, the processing-time measuring unit 2003 starts measuring the processing time. 

[0655] In step S1303, the separating portion 91 of the signal controller 81 executes the processing to separate an 
input image. The processing is similar to the processing in step S1002 of the flowchart of Fig. 99 and includes the 
motion-blur-amount adjustment processing. With this processing, the image is separated, and motion blur is eliminated 

40 by the foreground-component-image-motion-blur adjustment processing. 

[0656] In step S1304, the synthesizer 92 reads a background component image to be combined from the image 
storage unit 82. In step S1305, the synthesizer 92 combines the read background component image and the motion- 
blur-eliminated foreground component image input from the separating portion 91 to synthesize an image and outputs 
the synthesized image to the display unit 83. The display unit 83 displays the synthesized image. In this case,. the 

45 result is satisfactory when motion blur due to the swinging of the golf club is eliminated from the displayed image. A 
captured image does not need to be combined with a different background component image. Accordingly, a back- 
ground component image is not necessarily read from the image storage unit 82. 

[0657] In step S1306, the still/motion determination unit 2002 determines whether or not there is a motion, that is. 
whether or not there has been intermittently a motion. If it is determined that there is a motion, the processing returns 
50 to step S1204, and the processing from this step onward is repeated. 

[0658] If it is determined in step S1306 that there is no motion, in step S1307, the processing-time measuring unit 
2003 measures the time used for the actual separation processing (motion-blur elimination processing) and the syn- 
thesis processing and stores the measured time in the counter 2003a. 

[0659] In step S1308, the facility-use- time measuring unit 2001 determines whether or not the use of the facility is 
55 ended. For example, when the use of the facility is ended (when the camera terminal device 2 is to be returned), in 
steps S1309 and S1321 , the billing processor 71 of the camera terminal device 2 and the billing server 5 calculate the 
fees based on the facility use time and the processing time used for the motion-blur elimination processing and the 
. synthesis processing and executes the corresponding billing processing. Since the billing processing is similar to the 
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processing described with reference to the flowchart of Fig. 100, a description thereof is omitted. 
[0660] In the foregoing description, the operation of the television set terminal device 3 has been described. Alter- 
natively, for example, similar processing may be performed by the camera terminal device 2. 

[0661] Accordingly, the separating portion 91 of the present invention separates in real time a captured image into 
a foreground component image (foreground component image) and a foreground component image (foreground com- 
ponent image) and performs in real time the motion-blur adjustment processing of the foreground component image. 
[0662] A recording medium in which a program for performing the signal processing of the present invention is re- 
corded may be formed of a package medium in which the program is recorded, which is distributed for providing the 
program to a user separately from the computer, as shown in Figs. 4 and 5, such as the magnetic disks 41 and 61 
(including a flexible disk), the optical discs 42 and 62 (including a CD-ROM (Compact Disc-Read Only Memory) and 
a DVD (Digital Versatile Disc)), the magneto-optical disks 43 and 63 (including an MD (Mini-Disc) (registered trade 
name)), or the semiconductor memories 44 and 64. The recording medium may also be formed of the ROMs 22 and 
52 or hard disks contained in the storage units 28 and 58 in which the program is recorded, such recording medium 
being provided to the user while being pre stored in the computer. 

[0663] The steps forming the program recorded in a recording medium may be executed chronologically according 
to the orders described in the specification. However, they do not have to be executed in a time-series manner, and 
they may be executed concurrently or individually. 

Industrial Applicability 

[0664] According to the present invention, a captured image is separated in real time into a foreground component 
image (foreground component image) and a foreground component image (foreground component image), and the 
motion-blur adjustment processing of the foreground component image is performed in real time. 



Claims 

1. An image processing apparatus comprising: 

input means for inputting image data which is formed of a predetermined number of pixel data obtained by a 
predetermined number of image-capturing devices including pixels, the image-capturing devices each having 
a time integrating function; 

mixture-ratio estimating means for estirnating a mixture ratio for a mixed area in the image data input from the 
input means, the mixed area including a mixture of foreground object components forming a foreground object 
of the image data and background object components forming a background object of the image data; 
separation means for separating in real time, on the basis of the mixture ratio estimated by the mixture-ratio 
estimating means, the image data input from the input means into a foreground component image formed of 
the foreground object components forming the foreground object of the image data and a background com- 
ponent image formed of the background object components forming the background object of the image data: 
and 

storage means for storing in real time the foreground component image and the background component image, 
which are separated by the separation means. 

2. An image processing apparatus according to claim 1 , further comprising image-capturing means for capturing an 
image which is formed of the image data formed of pixel values determined in accordance with the intensity of 
light forming the image which is integrated with respect to time in each pixel by the predetermined number of 
image-capturing devices for converting the light forming the image into electrical charge and integrating with re- 
spect to time the electrical charge generated by the photoelectric conversion. 

3. An image processing apparatus according to claim 2, further comprising: 

image-capturing command means for giving a command to the image-capturing means to capture the image; 
and 

image-capturing billing means for executing billing processing in response to the command from the image- 
capturing command means. 

4. An image processing apparatus according to claim 1 , further comprising: 
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image display means for. displaying the foreground component image and the background component image 
which are separated in real time by the separation means and the foreground component image and the 
background component image which are already stored in the storage means; 

image specifying means for specifying a desired foreground component image and background component 
image from among the foreground component image and the background component image which are sep- 
arated in real time by the separation means and which are displayed by the image display means and the 
foreground component image and the background component image which are already stored in the storage 
means and which are displayed by the image display means; and 

combining means for combining the desired foreground component image and background component image 
which are specified by the specifying means. 

5. An image processing apparatus according to claim 4, further comprising: 

combining command means for giving a command to the combining means to combine images; and 
combining billing means for executing billing processing in response to the command from the combining 
command means. 

6. An image processing apparatus according to claim 1 , further comprising: 

storage command means for giving a command to the storage means, the command instructing whether or 
not to store in real time the foreground component image and the background component image which are 
separated by the separation means; and 

storage billing means for executing billing processing in response to the command from the storage command 
means. 

7. An image processing apparatus according to claim 1 , further comprising: 

motion-blur adjusting means for adjusting motion blur of the foreground component image which is separated 
in real time by the separation means or the foreground component image which is already stored in the storage 
means. 

8. An image processing apparatus according to claim 7, further comprising: 

motion-blur-adjusted-image display means for displaying the motion-blur-adjusted foreground component im- 
age generated by the motion- blur adjusting means. 

9. An image processing apparatus according to claim 8, further comprising: 

combining means for combining the motion-blur-adjusted foreground component image generated by the mo- 
tion-blur adjusting means and the background component image, 

wherein the motion-blur-adjusted-image display means displays an image generated by combining, by the 
combining means, the motion-blur-adjusted foreground component image generated by the motion-blur adjusting 
means and the background component image. 

10. An image processing apparatus according to claim 7. further comprising: 

processing- time measuring means for measuring time required by the motion-blur adjusting means to adjust 
the motion blur of the foreground component image; and 

motion-blur-adjustment billing means for executing billing processing in accordance with the time measured 
by the processing- Urn e measuring means. 

11. An image processing apparatus according to claim 8, further comprising: 

ope ration- time measuring means for measuring operation time thereof; and 

operation billing means for executing billing processing'in accordance with the time measured by the operation- 
time measuring means. 
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12: An image processing method comprising: 

an input step of inputting image data which is formed of a predetermined number of pixel data obtained by a 
predetermined number of image-capturing devices including pixels, the image-capturing devices each having 
a time integrating function; 

a mixture-ratio estimating step of estimating a mixture ratio for a mixed area in the image data input in the 
input step, the mixed area including a mixture of foreground object components forming a foreground object 
of the image data and background object components forming a background object of the image data; 
a separation step of separating in real time, on the basis of the mixture ratio estimated in the mixture-ratio 
estimating step, the image data input in the input step into a foreground component image formed of the 
foreground object components forming the foreground object of the image data and a background component 
image formed of the background object components forming the background object of the image data; and 
a storage step of storing in real time the foreground component image and the background component image, 
which are separated in the separation step. 

13. An image processing method according to claim 12, further comprising: 

an image-capturing step of capturing an image which is formed of the image data formed of pixel values 
determined in accordance with the intensity of light forming the image which is integrated with respect to time 
in each pixel by the predetermined number of image-capturing devices for converting the light forming the 
image into electrical charge and integrating with respect to time the electrical charge generated by the pho- 
toel ectric con ve rsion . 

14. An image processing method according to claim 13. further comprising: 

an image-capturing command step of giving a command to the image-capturing step to capture the image; and 
an image-capturing billing step of executing billing processing in response to the command in the image- 
capturing command step. 

15. An image processing method according to claim 12, further comprising: 

an image display step of displaying the foreground component image and the background component image 
which are separated in real time in the separation step and the foreground component image and the back- 
ground component image which are already stored in the storage step; 

an image specifying step of specifying a desired foreground component image and background component 
image from among the foreground component image and the background component image which are sep- 
arated in real time in the separation step and which are displayed in the image display step and the foreground 
component image and the background component image which are already stored in the storage step and 
which are displayed in the image display step; and 

a combining step of combining the desired foreground component image and background component image 
which are specified in the specifying step. 

1 6. An image processing method according to claim 1 5, further comprising: 

a combining command step of giving a command to the combining step to combine images; and 

a combining billing step of executing billing processing in response to the command in the combining command 

step. 

17. An image processing method according to claim 12, further comprising: 

a storage command step of giving a command to the storage step, the command instructing whether or not 
to store in real time the foreground component image and the background component image which are sep- 
arated in the separation step; and 

a storage billing step of executing billing processing in response to the command in the storage command step. 

18. An image processing method according to claim 12. further comprising: 

a motion-blur adjusting step of adjusting motion blur of the foreground component image which is separated 
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in real time in the separation step or the foreground component image which is already stored in the storage 
step. 

19. An image processing method according to claim 18, further comprising: 

a motion-blur-adjusted-image display step of displaying the motion-blur-adjusted foreground component im- 
age generated in the motion-blur adjusting step. 

20. An image processing method according to claim 19, further comprising: 

a combining step of combining the motion-blur-adjusted foreground component image generated in the motion- 
blur adjusting step and the background component image, 

wherein the motion- blur-adjusted -image display step displays an image generated by combining, in the com- 
bining step, the motion-blur-adjusted foreground component image generated in the motion-blur adjusting step 
and the background component image. 

21. An image processing method according to claim 18, further comprising: 

a processing- time measuring step of measuring time required by the motion-blur adjusting step to adjust the 
motion blur of the foreground component image; and 

a motion-blur-adjustment billing step of executing billing processing in accordance with the time measured in 
the processing- time measuring step. 

22. An image processing method according to claim 19. further comprising: 

an operation-time measuring step of measuring operation time thereof; and 

an operation billing step of executing billing processing in accordance with the time measured in the operation- 
time measuring step. 

23. A recording medium having recorded thereon a computer- readable program, the program comprising: 

an input control step of controlling the inputting of image data which is formed of a predetermined number of 
pixel data obtained by a predetermined number of image-capturing devices including pixels, the image-cap- 
turing devices each having a time integrating function; 

a mixture-ratio estimating control step of controlling the estimation of a mixture ratio for a mixed area in the 
image data input in the input control step, the mixed area including a mixture of foreground object components 
forming a foreground object of the image data and background object components forming a background 
object of the image data; 

a separation control step of controlling the separation in real time, on the basis of the mixture ratio estimated 
in the mixture- ratio estimating control step, of the image data input in the input control step into a foreground 
component image formed of the foreground object components forming the foreground object of the image 
data and a background component image formed of the background object components forming the back- 
ground object of the image data; and 

a storage control step of controlling the storing, in real time, of the foreground component image and the 
background component image, which are separated in the separation control step. 

24. A recording medium according to claim 23 having recorded thereon a computer-readable program, the program 
further comprising: 

an image-capturing control step of controlling the capturing of an image which is formed of the image data 
formed of pixel values determined in accordance with the intensity of light forming the image which is integrated 
with respect to time in each pixel by the predetermined number of image-capturing devices for converting the 
light forming the image into electrical charge and integrating with respect to time the electrical charge generated 
by the photoelectric conversion. 

25. A recording medium according to claim 24 having recorded thereon a computer-readable program, the program 
f urthe r com pris i ng : 
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an image-capturing command control step of controlling the giving of a command to the image-capturing control 
step to capture the image; and 

an image-capturing billing control step of controlling the execution of billing processing in response to the 
command in the image-capturing command control step. 

26. A recording medium according to claim 23 having recorded thereon a computer-readable program, the program 
further comprising: 

an image display control step of controlling the displaying of the foreground component image and the back- 
ground component image which are separated in real time in the separation control step and the foreground 
component image and the background component image which are already stored in the storage control step; 
an image specifying control step of controlling the specifying of a desired foreground component image and 
background component image from among the foreground component image and the background component 
image which are separated in real time in the separation control step and which are displayed in the image 
display control step and the foreground component image and the background component image which are 
already stored in the storage control step and which are displayed in the image display control step; and 
a combining control step of controlling the combining of the desired foreground component image and back- 
ground component image which are specified in the specifying control step. 

27. A recording medium according to claim 26 having recorded thereon a computer-readable program, the program 
further comprising: 

a combining command control step of controlling the giving of a command to the combining control step to 
combine images; and 

a combining billing control step of controlling the execution of billing processing in response to the command 
in the combining command control step. 

28. A recording medium according to claim 23 having recorded thereon a computer-readable program, the program 
further comprising: 

a storage command control step of controlling the giving of a command to the storage control step, the com- 
mand instructing whether or not to store in real time the foreground component image and the background 
component image which are separated in the separation control step; and 

a storage billing control step of controlling the execution of billing processing in response to the command in 
the storage command control step. 

29. A recording medium according to claim 23 having recorded thereon a computer-readable program, the program 
further comprising: 

a motion-blur adjusting control step of controlling the adjustment of motion blur of the foreground component 
image which is separated in real time in the separation control step or the foreground component image which 
is already stored in the storage control step. 

30. A recording medium according to claim 29 having recorded thereon a computer-readable program, the program 
further comprising: 

a motion-blur-adjusted-image display control step of controlling the displaying of the motion-blur- adjusted fore- 
ground component image generated in the motion-blur adjusting control step. 

31 . A recording medium according to claim 30 having recorded thereon a computer-readable program, the program 
further comprising: 

a combining control step of controlling the combining of the motion-blur-adjusted foreground component image 
generated in the motion-blur adjusting control step and the background component image, 

wherein the motion-blur-adjusted-image display control step controls the display of an image generated by 
combining, in the combining control step, the motion-blur-adjusted foreground component image generated in the 
motion-blur adjusting control step and the background component image. 
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32. A recording medium according to claim 29 having recorded thereon a computer-readable program, the program 
further comprising: 

a processing-time measuring control step of controlling the measurement of time required by the motion-blur 
adjusting control step to adjust the motion blur of the foreground component image; and 
a motion-blur-adjustment billing control step of controlling the execution of billing processing in accordance 
with the time measured in the processing-time measuring control step. 

33. A recording medium according to claim 30 having recorded thereon a computer-readable program, the program 
further comprising: 

an operation-time measuring control step of controlling the measurement of operation time thereof; and 

an operation billing control step of controlling the execution of billing processing in accordance with the time 

measured in the operation-time measuring control step. 

34. A program for instructing a computer to perform a process comprising: 

an input control step of controlling the inputting of image data which is formed of a predetermined number of 
pixel data obtained by a predetermined number of image-capturing devices including pixels, the image-cap- 
turing devices each having a time integrating function; 

a mixture-ratio estimating control step of controlling the estimation of a mixture ratio for a mixed area in the 
image data input in the input control step, the mixed area including a mixture of foreground object components 
forming a foreground object of the image data and background object components forming a background 
object of the image data; 

a separation control step of controlling the separation in real time, on the basis of the mixture ratio estimated 
in the mixture-ratio estimating control step, of the image data input in the input control step into a foreground 
component image formed of the foreground object components forming the foreground object of the image 
data and a background component image formed of the background object components forming the back- 
ground object of the image data; and 

a storage control step of controlling the storing, in real time, of the foreground component image and the 
background component image, which are separated in the separation control step. 

35. A program according to claim 34 for instructing a computer to perform a process further comprising: 

an image-capturing control step of controlling the capturing of an image which is formed of the image data 
formed of pixel values determined in accordance with the intensity of light forming the image which is integrated 
with respect to time in each pixel by the predetermined number of image-capturing devices for converting the 
light forming the image into electrical charge and integrating with respect to time the electrical charge generated 
by the photoelectric conversion. 

36. A program according to claim 35 for instructing a computer to perform a process further comprising: 

an image-capturing command control step of controlling the giving of a command to the image-capturing control 
step to capture the image; and 

an image-capturing billing control step of controlling the execution of billing processing in response to the 
command in the image-capturing command control step. 

37. A program according to claim 34 for instructing a computer to perform a process further comprising: 

an image display control step of controlling the displaying of the foreground component image and the back- 
ground component image which are separated in real time in the separation control step and the foreground 
component image and the background component image which are already stored in the storage control step; 
an image specifying control step of controlling the specifying of a desired foreground component image and 
background component image from among the foreground component image and the background component 
image which are separated in real time in the separation control step and which are displayed in the image 
display control step and the foreground component image and the background component image which are 
already stored in the storage control step and which are displayed in the image display control step; and 
a combining control step of controlling the combining of the desired foreground component image and back- 
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ground component image which are specified in the specifying control step. 

38. A program according to claim 37 for instructing a computer to perform a process further comprising: 

5 a combining command control step of controlling the giving of a command to the combining control step to 

combine images; and 

a combining billing control step of controlling the execution of billing processing in response to the command 
in the combining command control step. 

10 39. A program according to claim 34 for instructing a computer to perform a process further comprising: 

a storage command control step of controlling the giving of a command to the storage control step, the com- 
mand instructing whether or not to store in real time the foreground component image and the background 
component image which are separated in the separation control step: and 
is a storage billing control step of controlling the execution of billing processing in response to the command in 

the storage command control step. 

40. A program according to claim 34 for instructing a computer to perform a process further comprising: 

20 a motion-blur adjusting control step of controlling the adjustment of motion blur of the foreground component 

image which is separated in real time in the separation control step or the foreground component image which 
is already stored in the storage control step. 

41. A program according to claim 40 for instructing a computer to perform a process further comprising: 

25 

a motion-blur-adjusted-image display control step of controlling the displaying of the motion-blur-adjusted fore- 
ground component image generated in the motion-blur adjusting control step. 

42. A program according to claim 41 for instructing a computer to perform a process further comprising: 

30 

a combining control step of controlling the combining of the motion-blur-adjusted foreground component image 
generated in the motion-blur adjusting control step and the background component image. 

wherein the motion-blur-adjusted-image display control step controls the display of an image generated by 
35 combining, in the combining control step, the motion-blur-adjusted foreground component image generated in the 

motion-blur adjusting control step and the background component image. 

43. A program according to claim 40 for instructing a computer to perform a process further comprising: 

40 a processing-time measuring control step of controlling the measurement of time required by the motion-blur 

adjusting control step to adjust the motion blur of the foreground component image; and 
a motion-blur-adjustment billing control step of controlling the execution of billing processing in accordance 
with the time measured in the processing-time measuring control step. 

45 44. A program according to claim 4 1 for instructing a computer to perform a process further comprising: 

an ope ration- time measuring control step of controlling the measurement of operation time thereof; and 

an operation billing control step of controlling the execution of billing processing in accordance with the time 

measured in the operation-time measuring control step. 
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